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ted into the utmoſt depths of this ſcience. Though by 
K3 


| 7 has not been uncuſtomary among je Aab 
maticians, without any impeachment of their 
candour, by expreſs treatiſes to correct im- 
portant miſtakes of their cotemporaries. Thus 


the errors of the Cardinal Cuſanus were ſhewn 


by Regiomontanus, thoſe of Orontius Finæus by Pe- 


| trus Nonius, of Joſeph Scaliger by Vieta and Cla- 


wius, of Longomontanus by Dr. Pell, of Gregory 
St. Vincent by Huygens, of Hobbes and Du Laurms 


by Dr. Wallis, and of Sinclair by James Gregory. 
. T ſhall here take leave after theſe enam 


ples to make ſome remarks upon two treatiſes, 
which have lately come abroad; Mr. Euler's diſ- 
courſe entitled Mechanica ſive motus Scientia ana- 


Iytice expoſita ; and the Compleat Syſtem of Opticks 
by Dr. Smitb. 


F ROM the time that Des Cortes advanced 


the calculations of algebra into the place of geome- 
trical demonſtrations, not only the works of the an- 
_ cients, but at length the greateſt part of mathema- 


tical writings have been neglected; and at preſent 


the mathematical ſciences are generally confi ideged 
as attainable by as little ſtudy as the operations of 
_ arithmetick. So much of the elements as can be 


learnt from ſome crude collection out of Euclide, 
with a few of the primary properties of the conic 
ſections joined to ſome exerciſe in algebraical com- 


_ putations being thought at preſent, a ſtock ſufficient 
Jo conſtitute a conſiderable geometer; and if to this 


be added a knowledge of the method of calculating 
uſed, where the doctrine of fluxions is required, 


without any true apprehenfion of the principles of 
that doctrine; the artiſt is ſuppoſed to have penetra- 
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WT has not been uncuſtomary amongſt mathe- 
matlicians, without any impeachment of their 
candour, by expreſs treatiſes to corrett im- 


portant miſtakes of their cotemporaries. Thus 
the errors of the Cardinal Cuſanus were ſhewn 


by Regiomontanus, thoſe of Orontius Finæus by Pe- 


ſrus Nonius, of Joſeph Scaliger by Vieta and Cla- 


wius, of Longomontanus by Dr. Pell, of Gregory 
St. Vincent by Huygens, of Hobbes and Du Laurens 


by Dr. Wallis, and of Sinclair by James Gregory. 
1 "od I ſhall bere take leave after theſe exam- 


ples to make ſome remarks upon two treatiſes, 
which have lately come abroad; Mr. Euler's dif- 


courſe entitled Mechanica five motus Scientia ana- 


Iytice expoſita; and ſhe Compleat Syſtem f Opticks 
| % Dr. Smith, 


F R 0 M the time chat Des Carts 3 


the calculations of algebra into the place of geome- 
_. trical demonſtrations, not only the works of the an- 
cients, but at length the greateſt part of mathema- 


tical writings have been neglected; and at preſent 


_ the mathematical ſciences are generally conſidered 

as attainable by as little ſtudy as the operations of 
 arithmetick. So much of the elements as can be 
learnt from ſome crude colleftion out of Euclide, 
with a few of the primary properties of the conic 
 ſeftions joined to ſome exerciſe in algebraical com- 
_ putations being thought at preſent, a ſtock ſufficient 
to conſtitute a conſiderable geometer ; and if to this 
be added a knowledge of the method of calculating 
uſed, where the doctrine of fluxions is required, 
doit hout any true apprebenſion of the principles of 

that doctrine; the artiſt is ſuppoſed to have penetra- 


zed into the vp depths of this 5 Though by 
A-2 this. 
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this means not only all elegance and taſte are beſt, 


but many direct errors have been committed by per- 


tons, compleatly adorned with theſe modern accom- 
pliſhments, in their writings on a ſubjett, of which 


they had not read enough to render it familiar 10 
bein, or their conceptions concerning it clear aud 
diſtin. Whoever could in the leaſt contribute to 
put a check to this inundation of barbariſm, would 

certainly perform no inconfiderable ſervice to a 
branch of learning, once eſteemed the firſt of the 
ſciences, but at preſent reduced to a kind of mecha- 
 nical practice. coberein the ee faculties are 
little concerned, 


7 N the firſt of the treatiſes 1 defi fon to examine, 


the nuthor has unfortunately followed the princi- 
ples of his calculus with ſo little caution, as even 


to contradicti Euclide himſelf (a); and confides in 


them jo entirely as to perſuade himſelf, againſt the 

_ woice of common reaſon, that à body may be drawn 
to a center by centripetel forces, where though the 
velocity is perpetually increaſing, yet at the center 
the bedy ſhall at once by ſome unknown cauſe be 
entirely ſtopt (b), or, which is more ſtrange, annibi- 


/atgd (c, and in other caſes be turned directly back 


gain (d); that a reſiſting medium may be ſup- 
poſed endued with no other power, than that 
, retardins the body's motion, yet ſhall cauſe a 


body projeffed airetlly upward to defleff into 


e@ curve line (e), We find the author of the 
ſecend propeſing as diſcoveries, what has been 
the received opinicn of many ages (f); reviving 
mexims ſo dt ſervedly exploded, that no man, who 
reflefts, can heſitate about their falſbood, whenever 
big Hes are pen (805 deterred fron Spin 
/ e ; 


a) „ le) pag. 28. 
. ([) pag. 56. 
) pag. 23. : (eg) pag. 42. 
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PREFACE. v 
the ſolution of a cubic equation (a) ; exhibiting in- 
concluſive demonſtrations (b), and even unapprixed 
of the meaning of ſo familiar a term as the ſimilarity 


of figures (c)., 


BUT how far theſe diſcourſes are examples of 
the preceeding reflection, I ſhall not preſume to de- 
termine; nor yet what claim the writer on diſtin 
= and indiſtinct viſion may have to mathematical 
knowledge of any kind, ſince be has not given any 
publick ſpecimen of great pretenſions that way. In- 
dependent of theſe confiderations as the firſt is in- 
tended for a very general explanation of motion, and 
the other promiſes no leſs than a compleat ſyſtem of 
ſo extenſive and intereſting a ſulject as opticks, I 
hope theſe animadverſions upon the failings, which I 
imagine myſelf to have found in them, will not be diſ- 
approved of, Since ſuch general writings are uſually 
| had recourſe to by thoſe, who are firſt inquiring 
into any ſubject; it is not an unuſeful labour to ob. 
viate the miſinformation, to which learners by the ; 
1 errors in works of this nature muſt be exposd. | 


IT fhall alſo add ſome Remarks on the Eſſay upon 
_ diftint and indiſtinct viſion ſubjoined to the compleat 
ſyſtem of opticks, that the profuſe praiſes beſtowed 
on it by the editor may not occaſion any one to be 
miſled by the explanation there attempted of ſome of 
_ the principal points in Sir Iſaac Newton's dittrine 
of light and colours, in which that great man's 
ſenſe appears wholly unknown to this writer, | 


I have choſe to deliver my ſelf every where with 
great plainneſs, and without thoſe apologies and ex- 
cuſes, with which writings of this kind do ſo often 
abound; as ſuch affected complements upon theſe oc- 
cafions have always given me offence in others. In 

3 | 1 | 7 
(a) Sag. 57. {c) pag. 70. 
EF 


vi PRE F A G E. 


relation to Mr. Euler, who is no otherwiſe knows 
to me, than from his works, though I have ex- 


plained my thoughts without reſerve ; yet I hope 


the other two gentlemen I have alſo made it my en- 


deavour to avoid all exceſſive exaggerations of the 
faults, I have cenſured. But if any exceptionable ex- 
' Prefſicns may have ever chanced to eſcape me, I ruſt, 
Fs et eaſily be excuſed by them, who very well know 
the uncommon liberty, which has of late been taten 
_ with myſelf, To be more explicit, as the writer on 
liſtinct and indiſtinct viſion is the reputed author of 
_ the late diſſertations under the name of Philalethes 
Cantabrigienſis, and the other gentleman is not only 
fil ſpected of being his aſſociate, but merited, no 
_ deubt, by ſingular ſervices that high ſtrain of, com- 
plement, with which Mr. Faber is in one of thoſe 
papers adareſſed ; I hold mth ſelf under no further 
reſtraint, where I have 125 uſed with ſuch groſs 
il manners, than what a juſt deference for 1275 i 


free from any undue ſeverity. In what concerns 


requires, I am thus free, not only becauſe ] think 


a 4 


CORRIGEND. 


Page 12. J. 24. &C. leg. this determination of the ve 
bocity "oy rhe center comes out * ble. 


the treatment, I have received without the leaſt 

provocation on "my part, calls for ſome reſentment ; 
but alſo that I may do theſe gentlemen the juſtice to 
give tem an opportunity of acquitting themſelves, 
it they are falſely A 


RE 


* 


n 
. * 
= 
n 
"7 : 
. Py 5 E F 
T 2 
4 ) . f 
n 
as 5 $4Þ 7 
* AW 
bY b 7 
33 
* We be "1 
- 
N 
** 
s , 6 * 
* 5 
py 


SES Bs NS 
; E 
„„ Er ISS TS 0 Or Bo, 8 2222 ⁵ TTT TER Ag. 23 3 ; 
93 wade 1 e N A * oY Lhe * * FIN. * z 1 8 <P . 4, 2 %% Hi . 92 
ACS 2 2 x r . r 2 * Ne r Ie C2 % 
Ree; TTT SS JJ) or ent ng AC ͤ BEES IE I LIT 2 pr 
. 2 * LT 5 * 8 I FE! 2 N 1 Ow FN dP LN ed ES 8 2 


bes 

Fw 
"$5 

re: 
1 

— * 
15 

* 

oY 1) 
3 
X 


. 
7:54 
FO" 4, 
+ 
N 
25 
3 
18 
3 
2 
2 
r 
Sen 
1 


Ya ren 


REMARKS 


ON 


Mr. LEONARD EULER's 


TREATIS 3 


ENTITLED 


MF C HA N 70 : 


H F author of the firſt of the two books, 
I here intend to examine, was a ſcholar 
of the famous Mr. John Bernoulli, and 
has formerly publiſhed ſeveral pieces, 


which have met with ſuch applauſe, that he has 
been invited to the new Academy of Sciences erec- 
ted at Peterſburg, where he now enjoys the honour- 
able title of Profeſſor of the Sublime Mathema- 
' ticks. As this performance is compoſed on a ve- 
ry noble ſubject, which has ſo juſtly acquired to 
our great Sir Iſaac Newton an unrivalled reputa- 
tion; its merit has been celebrated in the various 
litterary Journals of en countries with high 
encomiums. e 5 


T H IS nad after ſtating the general proper- . 


ties and affections of motion conſiders at large the 
effects both of impulſive forces, and of reſiſting 


mediums on moving bodies. 
B IHE 


LS 


9 uniform motion, 


2 REMARKS 


TH E. firſt propoſition | is, That every body, 


© which either by an abſolute or relative motion 


is transferred into another place, muſt paſs 
„through all the intermediate places.” This 
propoſition is, I think, merely identical; the 
idea of paſſing through theſe intermediate ſpaces 
being nece arily and obviouſly included! in the idea 5 
of motion. | 


'T H E. third 1 a4 "Thar in any unequal 


motion the leaſt elements of the ſpace deſcribed 


may be conceived to be paſſed over with an 
1 is not univerſally true 


In many A] in end the deductions founded « on 
this poſition will be juſt, if we conſider it as a fi- 


 gurative expreſſion, meaning no more, than that 
the ultimate proportion of two contiguous ſpaces 
deſcribed in equal times by any variable motion is 


the proportion of equality. But wherever this in- 
terpretation cannot be app; lied, there this propoſi- 


tion will not only be faulty in its method of con- 


ception, but all the concluſions founded on it will 


alſo be erroneous. This will moſt remarkably be 
the cafe, when thoſe ſpaces are compared together, 
which a body accelerated by any force deſcribes in 
the beginning of its motion; for the ultimate pro- 


portion of the firſt of two contiguous {paces thus 


_ deſcribed in equal times to the ſecond is not that 

of equality, but the ratio of 1 to 3, as is well 
| known to every one acquainted with the common 
theory of falling bodies. This propoſition will al- 
fo fail, when applied to the eſtimating the incre- 
ments of velocity produced in any moving body 
by any accelerating force; for if the velocity re- 


CEIVES by the action of an uniform force equal ad- 
ditions 


On M.. Evunrxr. 3 
ditions in two equal contiguous portions of time, 

the additions to the ſpaces deſcribed in conſequence 
of theſe increaſes of velocity will be as 1 to 3, in- 


ſtead of being to each other in the ratio of equality, 
as they ought to be, if this propoſition were true. 


MR. Evr tx in the annexed ſcholium has ſome 
_ obſcure ſuſpicions of the fallacy of this propoſition: 
but as he applies it without ſcruple through the 
remaining part of his book, even in thoſe inſtan- 
ces, in which he here ſeems doubtful; it is evident, 
that the genuine principles, from whencc alone all 
deductions of this kind receive their accuracy and 
rigour, were unknown to him; eſpecially ſince 
ſome of his moſt capital errors ariſe from an un- 
warranted adherence to this propoſition, as we ſhall 5 
more Giſtinerlr ſhew hereafter. = 


HE 7th, 8th, and gth propoſitions relating 
to the continuation of a body in its ſtate either of 
reſt, or of equable motion in a right line, unleſs 
diſturbed by ſome external force, ought to be pro- 
_ poſed, as facts only; it being from experiments, 
and not from any metaphylical notions about bo- 
dies and motion, that the truth of theſe principles 
can be evinced. No wonder therefore, if Mr. Eu- 


leres pretended demonſtrations of theſe propoſitions 


c be altogether inconcluſive and inconſiſtent, 


IN the 11th propoſition he is ſo little RO? I 
of the relation, which a demonſtration ought to 
have to a propoſition, that here, though the pro- 
_ poſition be general, the demonſtration regards one 
particular caſe only, and the general proof is poſt- 
poned to a ſcholium, in which he has ſo forgot his 
propoſition, that he thinks it neceſſary to prove in 
form, that the ratio n 4 to 0 18 Siven, W 18 
2 he 
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the very thing, the propoſition ſuppoſes. Nay 


more, 1a order to make this proot he has aſſumed 


a triangle to be given in ſpecies, merely becauſe. 
one angle is given. In order to prove that NL or 
BM will have to AL (hg. 9. Tab. I.) a given pro- 
portion, it is aſſerted, that the triangle AL. N is 
given in ſpecies; but this is not true, unleſs this 
propor tion of BM to AL is firſt ſuppoled to be 
given, nothing being determined in that triangle 


independent ot chat fup poſition, but the angle 


. 


Mi EULER's 14th propoſition, very indiſ- 
tinctly propoſe, contains in the ſolution there gi- 
ven, and the corollaries annexed no lets than tour | 


cap ita! errors. 


8 F IRET it is ſaid at the end of the ſolution, that 
the right line AD (fig. 1. Tab. II.) may be taken 
for the path deſc ribed by the body. when acc on 
by a od wap er in the direction AC. But this i falſe 
even on the confuſed principles of mai blen For 
were it true, the effect of the power in ini} ecting 
the body from its recti linear motion, if eimated- 
| between D and A, would not be in the duplicate 
Proportion of the times of its action, as it ought, 
but in the ſimple proportion of thoſe times. The 


truth is, that every part of the motion however 


minute muſt be conſidered as a curve touching AB, 
and not as a right line TOE it. 


Seon N DIY we are told in coroll. 2, that 


7 & 18 equal to + that is, to ſpeak ſenſe we are 


ar 


to conceive, that in the ſame time, in which the bo- 


dy wich the velocity, it has at A, would deſcribe 


the 
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in the infiniteſimal } Jargon, dc isnot equal to 


phraſe i is not BA » but 


On Mr. Eves 5 


le ſpa ace AB, or the equal ſpace Ab, it would with 


the additional velocity, it is augmented by at D, 


deſcribe the {pace Db, But chis | js not true; for 


this increaſe of velocity is not acquired immediately 


in the point A, but during the whole time of the | 


motion from A to B; and therefore, the ultimate 


relations being conſidered, Db is but half the ſpace, 
that would be deſcribed during the paſſage from 
A to D by the increaſe of velocity at D; that is 


"DB 
75 but 


Fo D 
to = Mr. Euler has been led into this er- 


ror by relying upon his 3d propoſition quoted by 
him in the preceeding corollary, which we have 


O 


above obſerved to be a falſe one. 


TarnpLy in the 4th corollary the ſame error 


occurs again, but in another form, being — 
ded with the coſine of the angle BAC. 


 FovrTHLY in the 5th corollary the ns of 


inflection of the direction of the body at D from 
the direction AB is determined to be the angle BAD, 
that is, the path deſcribed by the body is ſuppoſed 
to be the right line DA; but this is not true, as 
we have ſhewn above. Conſidering then the path 


deſcribed to be a curve touching AB in A and paſ- 


ſing through the point D, as it ought, we muſt. 
| meaſure the inflection by the angle, that the tan- 
gent to this curve in the point D makes with the 

tangent AB, and this angle, ultimately conſidered, 
will be double BAD, that is, its ſine! in Mr. Euler“ * 


B 285. 


BA 


THzss errors now mentioned are variouſly 


compounded with each other in the 6th, 7th, 8th, 


and 
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6 REMARKS 


e 


* and qth corollaries ; fo that not only the general 
| ſolution of this problem, but 7 of the annexed co- 
rollaries are altogether erroneous, and one cven on 


Mr. Euler's own principles 


1 + TH E ſolution of the next propoſition (prop. 15.) 
I dceſerves particular notice. Here AB repretents the 
ſpace, which a body with the motion, it has in A, 
would deſcribe in the direction AE (fig. 2. Tab. II.) 
during any ſmall interval of time, and Bb the 
ſpace, which the ſame body would have deſcribed _ 
from reſt in the ſame interval by the power acting 
in the ſame direction AE; that is, Ab repreſents the 
| whole ſpace deſcribed in fome ſmall interval by 
the uniform velocity of the body in A, and by the 
action of a power in the ſame direction. Now we 
are told, that in another equal interval by the ve- 
locity acquired in þ uniformly continued it would 
deſcribe another ſpace equal to Ab. But this is falſe. 
For 8 the velocity of the body is perpetually 
changing from A to &, the ſpace Ab cannot be 
en e as deſcribed by he whole velocity ac- 
Quired at b, but by ſome velocity intermediate be- 
twixt that and the velocity at A; the ſpace then, 
3 that would be deſcribed by the velocity at & in the 
| next equal interval, will be greater than As, and if 
the action of the power was "uniform from A tob, 
fasMr. Euler by f tyling the interval of time an in- 
_ finitely little one ſuppoſes) it will be egual to 
 A4+B&; inſtead therefore of the equations in Mr. 
Euler Ak=AB+&@, bc = AB 2a, cd= AB 
© + 3a, de = AB + 422, there ought to be ſubſti- 
= tuted Ab=AB+ as, Ic = AB + 3ao, cd = AB 
| = 5a, de = AB 7a. All this bs been ſo of- 
| ten ſhewn by every writer on the common theory 
of falling bodies, that I am ſurprized at Mr. Eu- 
* er's miſtaking ſo _ 2 matter. Pat theſe ue . 
n 


R 
not all the errors of this propoſition. For Mr. 
Euler having by the application of his zd propo- 
ſition concluded, that the celerity of the body A is 
_ increaſed in the ſame proportion, as the increments 
of the ſpaces deſcribed by it, we may ſhew from 
the equations, we have rectified above, that taking 
this principle for granted, the increments of the 
_ celerity can never be proportional to the times, in 


| Which they are produced; for if the times are taken 


in the proportion of the numbers 1, 2, 3, 4, 5, &c. 
the increments of the ſpaces, and conſequently of 


the velocities, if Mr. Euler is to be believed, will 


be in the proportion of 1, 3, 5, 7, 9, &c. a pro- 
portion not only different from that of the times, 
but, if the exrreams are compared, perpetually re- 
_ ceeding from it. Another principal error then of 
this propoſition is, that notwithſtanding theſe er- 
roneous ſuppoſitions the concluſion, ** that the in- 
ecrements of the celerities are ultimately as the 
times, they are produced in,“ is indiſputable, as 
has been frequently ſhewn by other writers. Now | 
it can be only by a complication of errors, that true 
_ deductions are ever derived from falſe principls. 


TH E ok annexed to the 18th propoſition 
1s abſolutely inconcluſive, and nn, the name 
of a ſolution. | 


As Mr. Euler tells us in the 2d Corollary of the 
19th propoſition, that he has been particularly ſo- 
licitous about the rigid demonſtrations of theſe laſt 
propoſitions ; I have no deſign to charge this au- 
| thor with haſte or negligence on account of theſe 
errors; but I conſider them ſolely, as the effect of 
that inaccuracy in conception, to which the diffe- 
rential calculus 1 Is diſpoſed to betray its admirers. 


IN 


IN the ſolution of the 21ſt propoſition and its 


_ Ii corollary all the errors of the 14th are conti- 


nued ; and conſequently all the equations there gi- 
ven are on that account falſe. But in the 2d co- 
rollary Mr. Euler has fallen into an error of ſtill a 


ſtranger nature, even following the principles of 


his differential calculus to an expreſs contradiction 


of a propoſition of Euclide's elements, which 
| ſhews, that the angle at the circumference of the 


circle ſubtended by the line AD (fig. 6. Tab. II.) 
not the angle at the center, is equal to the angle 


BAD; and conſequently it is not the triangle 


A 0b, OD being ſuppoſed to be drawn, but the 
triangle formed on AD by lines drawn from that 


point, where AO continued meets the circumfe- 


rence beyond the center, that is ſimilar to the tri- 
angle BA; and therefore B& is not to AB as AD 

to A0, but as AD to 2AO. It is not then the 
radius AO of the circle touching the line AB and 
paſſing through the point D, but the diameter of 
that circle, which Mr. Euler has here aſſigned, | 


5  ABX AD 
that i is, 2AO i ig — 3 not, as he makesi it, a0 


Tris determination of the radius of curvature 


in the preſent corollary is, as it were, the baſis, on 


which the future examination of all curvilinear mo- 


tion does immediately depend; and were not this 
error compenſated by thoſe, we have taken notice 
of already, and others, that we ſhall hereafter re- 


mark, there could not be one propoſition in all this 
volume, where the body is ſuppoſed to move in 


a curvilinear track, but what would be erroneous. 
This propoſition is indeed of ſuch neceſſary uſe in 


che methods of nnn followed in theſe vo- 
| lumes, 
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| James, that it occurs perpetually ; but its « falſhood 
no where more eminently appears, than in the de- 

monſtration of rhe iſt propolition of the ſecond 


volume, where it is more obvious, and more 
expreſs, if poſſible, than in the preſent inſtance. 


Tarr -valtie of r then allgneg in the 2d co- 
rollary, and uſed in the ſucceeding ones of this 
2 21ſt n is double, what it ought t to be. 


By T in the roth corollary this erroneous va- 
ue of r is compounded with a value of 4c, 

which we have ſhewn above to be but one half of 
what it ought, and by this means the equation 


_ reſulting in this corollary i 18 rectified; the two 
errors balancing cach other. „ 


THE ſenſe of the 22d and 2 3d propoſitions 
may be LITE: exhibited thus, 


| I b I a, b, c, d, be parts of the body O conſi- 
"Rnd as x Point, and OA, OB, OC, OD, (fig. 
8. Tab. II.) a like number of forces applied to 

that Point, and let OG be the force compoun- 
ded of all theſe, Then, if che parts 4, #, e, 
are ſuppoſed to be ſeparately accelerated by the 
reſpective forces OA, OB, OC, OD, I ſay, 
that the motion of the common center of oravity 
of theſe parts a, b, c, d, will be in the direction 

O, and with the ſame acceleration, as would 


be that of the entire body 85 if accelerated by 
the force 08. 


Tris: is the true and genuine form, unde | 
which, I think, this propoſition ſhould have been 
expreſſed : the principle of a reſtoring force, 


1 = hich Mr. Euler has introduced, ſerving * to 


. 1 


treats of right 
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perplex the reader's imagination, and render the . 


propoſition unintelligible. 


Tur demonſtration is equally inaccurate; for 
in the firſt place it is no demonſtration of Mr. 


Euler's propoſition (of which indeed no demon- 
ſtration can be made, as it contains no aſſertion, 
that is the proper object of demonſtation,) and it 
zs in the next place exceſſively artleſs and tedious, 
containing above 20 equations, when the whole 
may be eaſily diſpatched by the application of a 


well-known propoſition in ſtatics, without any 
Computation. 2 


IN the beginning of the third Jane, which 


ined motion, Mr, Euler has given 
Galileo's theory of falling bodies, in its own na- 


ture no difficult ſubject; but it is here ſo com- 


pounded with differential computations, that this 


ſubject may be much better learned from what has 
been writ in a more eſimple manner by others. 


I N the remaining part of FIR chapter he treats 


in general of the direct aſcent or deſcent of bodies 
accelerated by any forces referred to a given point. 
 And'in his iſt ſcholium to his 32d propoſition he 
is much perplexed how to determine the motion 
of the body, when it has paſſed the point C (Tab. 
II. fig. 13.) He apprehends no more neceſſary 
than making y negative in the expreſſion of the 
| ſolution given in the propoſition ; and thence 
" concludes, that if the quantity reſulting i is affir- 
mative, the body will really paſs the center C, 
but if it be negative, it is an indication, that the 
body will never paſs the point C. He however 
ons, that in ſome caſes this method of proſecu- 


ting the motion includes a contradiction. 5 
Br 
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Buer though he has concluded, that in certain 
inſtances this proceeding will miſlead us, becauſe 
the reſult in thoſe caſes is different from what, he 
knows from other principles, it ought to be; yet 
inſtead of making the true ule of this diſcovery, 
and ſuſpecting the whole proceſs, he ſtil] ſuppoſes 
the ſolution to be right in thoſe caſes, where he 
has not the ſame means of comparing the reſult 
with Known OPS: 


 NoTwlTHSTANDING he diſcovers by the 

_ abſurdity of the concluſion, that the ied of 

ſolution, he has given, will in numberleſs inſtan- 
ces fail in determining the motion of the body, 
when it has paſſed the center, he nevertheleſs in 


other inſtances, where the ſame abſurdity occurs, 


ſuppoſes the motion of the body to be rightly ex- 
hibited by theſe fallacious operations; having ad- 
vanced in the 1ſt and 2d ſcholium, and 5th and 6th_ 

corollaries the three following wonderful FORO. 


1t, Taar in many caſes neither the motion. 
nor direction of the body after 1 it arrives in C, can 
be determined. 


2d, TH T in other caſes the body, FER it 
arrives in C, can paſs no further. 


0 THaT in another 940 there mentioned 
the body, when it arrives in C, will inſtead of 

proceeding forwards fly back again in the fame 
direction, in which 1 it fell, 


Ir is true, our author ſpeaks of all theſe de- 


terminations with ſome diffidence and uncertain- 


ty, and ſeems to think them very myſterious, but 
he latisfies himſelf with a blind lubeafon to his 
C 2 5 com- 
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computation, ** quicquid autem fit hie calculo 


«« potius quam noſtro judicio eſt fhdendum.” 
Nay in the laſt concluſion he ſeems even to have 
ſatisfied his judgment; for in the paſſage, he re- 


fers to _ the following part Of his book, he has 
copied Sir Haac Newton, as he conceives, and 


not underſtanding. his author ſeen IS. to. ſuppoſe 


-himfelt If ſheltered under his author! 25 


No w the whole en which has thus em- 


barraſſed our author is this, When , the diſ- 
tance of the body from the center, is made nega- 


tive, the terms of the problem are ſometimes 


changed with it. The centripetal force being as 


ſome power of the eciitinceoxpreſſed by 5, where 


n may be any number affir Native, or nega- 
2 whole number or fraction; if, when y is 


ſuppoſed negative, 5” be ſtill affirmative, the ſo- 


lution gives the velocity of the body in its ſubſe⸗ 
quent aſcent from the center; but if 9 by this 


ſuppoſition becomes alſo negative, the ſolution 


_ exhibits the velocity, after the body has paſied 


I 
the center, upon condition, that the cent tripetal 


force become centrifugal; and when on this ſup- 


poſition 5* becomes impoſſi ble, the determina- 
tion of the velocity beyend the center is impoſ- 


ſible, the condition bein ng ſo. 


IN the corollaries and ſcholinm annexed to the 
48th propoition, which conſiders the aſcent of 
bodies from a center, he meets with the fame 
diffculties, and is at grcat pains to account, how 


the ſolution, he has tere given, ſhould fail him 


in certain caſes; and to ſatisfy himſelf hc recurs 
to infinitely ſazall, 3 great, and other the 


lige ambiguous phrates, the uſual modern pall ia- 


tives of error. But ſo little does he ſeem con- 
. vinc d 


N, 
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vinc'd with his own reaſoning on this head, that 
in the 96th ſection of his ſecond volume, he has 
in a ſimilar caſe ſuppoſed the computation to be 


accurate; diſregarding thoſe objections, he here 


makes uſe of to prove it fallacious, 


IH AT the computation in this propoſition 
js unskiltully applied, cannot be doubred of at 


 $brlt fight 4 fince, when u is any affirmativenum- 
ber, che force in C abſolutely vaniſhes; and con- 
tequently the body will in theſe cales remain for 


ever at reſt in the point C, if once placed there. 


Whatever computation therefore pretends un- 
der theſe circumſtances to exhibit both the time 
of paſſing from the very center through any gi- 


ven ſpace, and the velocity by that means acqui- 
red, muſt undoubtedly contain under it ſome fal- 


lacy. The truth is, the time determined by this 
method is the limit only of that time, in which the 


ſame given ſpace would be deſcribed, ſuppoſing 


the body not to begin 1ts motion from the very 


point C, but to be placed at firſt any where ſhort 


of it. Indeed whatever be the centripetal force, 
if it diffuſe itſelf every way equally from the cen- 
ter, no body can be moved out of the center 


by it. 


THE problem propoſed by Mr. Euler in his 
43d propoſition is from the relation of the times 


; 4 deſcription to the ſpaces deſcribed to deter- 
mine the law of the pee force. 


HEA E he is entangled in | difficulties from not 
underſtanding, that the conditions of a problem 


often put a limit upon algebraical expreſſions, 
This Sir Iſaac Newton has very well illuſtrated 


in his treatiſe of algebra by the following eaſy. 
FT OT i 75 
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inſtance. If it were required to inſcribe any 


chord given in magnitude within a given ſemi- 


circle; x denoting the verſed ſine of the arch, 


which will be ſubtended by the given chord, 4 
the diameter of the circle, and 5 the chord, x wil! 


bb 


be therefore whatever be the given mag- 


Aa 


nitudes of h and a, there may be always found a 
value of x, which will fatisty the algebraic equa- | 
tion: yet it is manifeſt that if & be greater than a, 
the value of x derived from the equation wall be 
of no ule tor ſolving the problem, which in that 

cafe is impoſſible. In like manner Mr. Euler pro- 


poſes a caſe of his problem, (in the ſcholium) where 


the time of che body's motion, ſhall be expreſſed 


by V x, «denoting the ſpace, through "which 
the body has moved, and @ ſome given length. 


Here he perceives that this expreſſion cannot in 


all magnitudes of x expreſs the time of the body's | 
motion; ; for when x is greater than a, the 


quantity = diminiſhes, whereas the time 
5 h paſſed cannot be recalled. 


Bu r N bs gathers from nen is abſo- 


lutcly abſurd; that when the body is arrived at 
C, it muſt ever remain in that point, which he 


owns himſelf is paſt all conception z nay more, 


that the velocity of the body, if it paſſed farther 
ought to be negative, which how to account for, 
he "confeſſes himſelf unable. Indeed all that can 
be performed in this problem, is to find ſuch an 
impulſive force, wherein the given expreſſion | 
| ſhall for ſome ſpace denote the time. And when 
this is diſcovered, the limits, to which this ex- 
pPreſſion mult be ſubject, will be known. Here 
it comes out, that the impulſive force will be 
ner as the cube of the diſtance of the 
8 body 
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body from a point at a diſtance equal to a from 
the place, whence the body ſet out. After this 


is known, it is eaſy ſo to expreſs the time, that 
the expreſſion ſhall agree to the body's whole 
motion. The time of the body's paſſing between 
the center now found, and any other Place, will 

always | be denoted by N . 


IN the following chapter Mr. Euler treats of 
Fight-lined motion in a reſiſting medium. 


11 FR E in the ſcholium annexed to the 20th 


definition we are told, that all other laws of re- 
ſiſtance except that, which obſerves the duplicate 


proportion of the velocity are merely imaginary, 


Which is alſo repeated in the 1ſt corol. of prop. 


50. This is ſo great a miſtake, that no medium 


is yet known, in which the whole reſiſtance is 
accurately in that proportion. Our author had 
not attended to what, Sir Iſaac Newton expreſly 
takes notice of, that in all fluids ſome ſhare of 
their reſiſtance, though much the leaſt, is owing. 


to ſome degree of tenacity between their parts, 


and that this reſiſtance is the lame in all degrees 
of Velocity. 


IN the 4th corollary of the goth renin 


Our author tells us, that when m > 1, the body, 


before it arrived at A (Tab. IV. fig. 2.), had 
ſomewhere, as in C, an infinite velocity; the 
meaning of which ſtrange aſſertion is no more, 
| than that a body, which ſhould ſet out from the 
point C, determined in the manner there laid 
down, with any velocity, however great, would 
Joſe all its motion ſhort of the point A; and 


conſequently could never reach that point. 
I's 


„ oO 


have this equation DE — 
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1 5 third ſcholium of the ſame propoſition 


Mr. Euler ſeems again furprized, that his con- 


putation ſhould give an expreſſion for the veloci- 


ty, when in reality there can be no motion; but 
we have already explain*d this difficulty in our 
obſervations on the corollaries of his 40th pro- 


poſition, and hall theretore lay no more of it 
here. | | | 


AFTER the £34. «4th, 5 5th, 56th and goth 


propoſitions of Mr. Fuler have been ſo excel- 


lently ſolved by Sir Iſaac Newton, in the 8th 


and 9th propoſitions of the ſecond book of his 


Principia, the weight of computation with which 


Mr. Euler has filled them, can, I think, be no 
otherwiſe excuſed, than by ſuppoſing him un- 
skilled in Sir "7 ins Newton's treatiſe of Quadra- 


rures, to which recourſe ought always to be had, 
in the analyſis of ſuch problems. 


IN the ſolution of the 6iſt propoſition, v WE 


TL COM 
SA “* 


the ſpace paſſed through, and d a quantity in 
the duplicate proportion of the velocity acquired 


at the end of that ſpace, & and g being known 


quantities; and we are told, that by the quadrature 
of curves (ope quadraturarum) ) v may be determin- 


ed by x, however in the annexed {cholium Mr. 


Euler diſmiſſes this equation from any future 
examination, becauſe its integral cannot be ex- 


hibited. But by the improvements the late Mr. 


Cotes has made to Sir Iſaac Newton's doctrine of 
Quadratures, which were ſoon after their publi- > 
cation demonſtrated by Dr. Pemberton, it is always 


poſſible by the circle and hyperbola to aſſign the 


| relation of x and d, Whether m be an integer or a 
8 frac - 


: x ; repreſenting 
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ſraction; and therefore a more ample proſecu- 


tion of this equation might rex tonably have 
been expected om Rl perion 40 mM uch in love 
with computation. 


IN the firſt [che ohium of the 62d propoſit tion 
WE are told, that the velocity of the moving 


body a always vaniſhes at C, ecauſe the reſiſtance in 


that point is infinite. Bit this is falle reaſoning; 


ſince every infinite reſiſtance will not inſtantane- 
ou! ly deftroy a finite velocity. For example ſhould 


the d. lit of the medium ho reciprocally in the 
ſubduplicate proportion of. the diſtance from C. 


and the reſiſtance in the ſim ple Ar ortion of the | 


velocity, which will be the caſe in this propoſt- 
tion, when m denotes the fraction *; notwith- 


3-93 


tanding ſach a reliſtance, the body may yet ar- 


rive at C, with any given degree of velocity 
oy NEVE T great. 8 | | 


IN the frrond ſcholium to the 66th propoſi- . 
ion Mr. Euler obſerves, that the equation de- 
termining the quantity 4 in that propoſition 
will not be changed, although inſtead of por R 


any multiples of thote quantities are taken. And 


as the magnitude of ꝗ in reality varies, when in- 


ſtead of R any multiple is taken; he accounts for 


this only by telling us in . that a differen- 


tial equation is more extenſive than the integr. al, 


from whence It 18 deduced. 


Tris vague and indetermined reaſon ſhews, 


why Mr. Euler conſidered this as a difficulty; 


which could icarce appear ſo to one duly appri- 


Zed, that the fluxion of a logarithm of any quan- 


tity 1s the fluxion of that quantity, divided by the 


quantity; therefore whatever Siven number or 


DoD — 


j 
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quantity multi tiplies the quantity propoſed, the 
fime muſtipics both the numerator and deno- 
minator of the fluxion, whereby the fluxion re- 
mans.tie tame, however that number or quanti- 
ty be varied ; as it. ought to do bec auſe e mul- 


th DIVIN 8 4 flowing Ju. intity [> V any 2 en One on- 


ly incre; ſes its logarthim by the! ogarthitn of the 


"Siva W quantity. 


IN the fith chapter, which treats of curvili- 


near motion, every probe fron from the begin- 


ning 0 tha 1 (| 198 imme. late ly Or e 


tially de pend on thoſe erroneous equations, 
which we have taken notice of in the remarks. 


the 14th and 2 iſt propoſitions ; and therefore, 


5 how ever true the concluſions here given may be; 


vet, as they are founded on wrong poſitions, 


they owe their cofncidence with truth to chance 
only, by the a accidenta I-13 intervention of contrary 


2 


BUT admit ng the princ wks here made uſe 


of to have been truly and accurately obtained, 


vet there are other impor tant exceptions both to 
the method of this chapter, and to Parteelet 


e contained j In It. 


IN relation to the method of inveſtigation 
here made ute of, it is neceſſary to obſerve, that 


the ancient geometers in their analyſis, no leſs 
than in their compoſition, brought in aid, as oc- 
cCaſion required. whatever had been diſcovered by 
others; and that inveſtigation was by them the 


moſt approved, which contained 3 in it no proceſs, 


that could be ſupplied or contracted by any 
| known propoſition. On the contrary our alge- 


Lraical 85 itlemes 1 in the modern taſte lay aſide 
all 
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all regard to order, conc ſeneſs, or elegance in 
their conceptions; and confine their w hate labour 
to the ſingle ambition of rendlring all previous 
knowledge as little u cceſſary a pollible, to their 
preſent CONC IONS, | 


NMB Faber has here fo cloſcly purſed this 
Scheme, as not to think of digeſting cven his 
oven ſubject into any method, w hich might fa- 
_ cilitate his ana whe Ine ad of premifing theſe 
tuo general propoſitions, That of the equality of 
the arc as defcribed in equal times about the cen- 
ter of attract ion, and That of the equality of 
the vclocities at equal diſtances from that cen- 
ter both in the direct and curv:lincar fall, where- 
by his following analyſes might have been abbre- 

viated 3 he plunges without preparation into 
compound propolitions, and contents himſclf 

With llightly deducing theſe, as coro:laries, from a 
propoſition Cprop. 74. ] to which the 7 ſhoulk ! have 

been Premiſed. 


1 6 ſuch propotitions, which are or ought 
to be the very baits of all inveſtigations of curvi- 
linear motion, certainly mcrited to have been 
particularly diſcuſſed in their full extent, inſtead 
of being thus derived, as it were, by chance, 
from a propoſition not ſo extenlive as they ate. 
This is inverting the natural order of the ſubject, 
and neceſſarily involves i it in 2 obſcurity and Per- 


Plexity. 


Z BUT to bemore articular, the e in the 
7oth and 71ſt propoſitions needed not that pomp. 
of differential equarions and canons z being eaſily 
deduced with more brevity without them, parti- 
5 cularly tae 31 and 4th cerollaries of the 711t. 
D 2 IN 
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I'N the 72d pr opoſition, a 1040 its corollaries the 
effect of gravity compounded with a rectilinear 
motion is diſcuſſed with a degree of intricacy 


cven e in 10 limple a ſabject, 


1 a! 12 734, a a very eaſy "FE ject, is not much 


IN the 4th benden, the radius of « curva. 


ture is unneceffarily involved in the computation, 
to no other purpoſe than that of emparatting | 


the procels, tilhit is exrer minared, 


THE ſolution. Of the „th 18 unmeaſurably 
prolix; for if from the center hs a ci 'rcle be de 
ſcribed, whoſe rad1us 15 unity 4 will in this circle 


be the cofine of the angie MCP, "and the uiti- 
mate proportio n of the increment of CM or 
y to the increment of u will be compounded of 
the ratios of MT to TC, CM to the radius 1, 
and the radius to the line of the angle MCP, P, that 


15, of 0 ratios MI to 10 and CM to VID; 
MM . 


whence the differential equation — —— | 


is 1mmec lately deduce d ; ; ro arrive at 


; WI. > 
which Mr. Euler has employ ed near 20 equati- 


ons, ſubſtitutions, reſtitutions, . 


B F SI DF IE the general obſcurity, in whick 


the 78th. 79th, goth, and Sift propof tions are 

here involved, the ere is in the 11th cerollary of the 

Soth an error of fo extraordinary a nature, as 
to merit a particu! lar diſcuſſion, 5 


: — 3 


My 
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Iy the attraction directed to any center be re- 
Aprocally in the duplicate proportion of the dif 


rances from that center, and a bod y be projected 


from any point in a direction perp: endlicula ar ta 
the line joining the center aud that point with a 


certain degrec of velocity, it is then confeſſed, 
that the curve deſcribed by this body wall be an 


ellipſis, the center of attraction being its focus, 


and the point, from whence it ſet out, becom- | 
ing that extremity of the axis, which is moſt re. 


moved from the focus. It is allowed too, that by 
diminiſhing the velocity of the projected body the 
ſpecies of this ellipſis is perpetually changing, ap- 
proaching more and more to a right line, and that 


| the time of half a revolution in this re ducedellipſis 


perpetually approaches to the time of the dirt 


fall to the center. And fince in theſe reduced ellipſes 
the body, after it arrives at its lower apſis, will 


perperually return back again to the point, from 
whence 1t was originally projected ; fince, I lay, 


this will be true, | however mall the velocity is, 


with which the body is originally projected, that 


is, however near the ſpecies of the ellipſis ap- 
proaches to a right line : Mr. Euler has falſely 


concluded,” that in the direct fall, when both the 
original velocity, and the ellipfis vanith, chi 


ſame return will take place, that is, that the 


body, the moment it arrives at the center, in- 


ſtead of proceeding forwards with the velocity it 


has there acquired, wil immediately return back 
towards the Point whence it fell. 


Now. though this confine ſuppoſition ob- 


_ viouſly manitcits its own abſurdity, and carries 


its own confutation with it to every one, that at 


all conſiders it, yet that Mr. E uler may not be 
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confounded in ſearching for thoſe erroneous dedu- 
ions which have here miſled him, I will inform 
him that the reaſon, why, when there was any 
_ rraniverſe velocity originally! impreſſed, however 


mall, the body conſtantly returned, after it was 


Sot at ſome ſmall diſtance below he center of 
: attraction, 18 this, that then the attraction to the 
center never conſpiring in direction with the mo- 
tion of the body, the direction of that motion by 
this means perpetually changes, till below | m ; 
center, where it acquires its greateſt velocity, it 
becomes perpendicular to a line drawn to the cen- 
ter, and confequently returns from that point 
with a motion altogether ſimilar to that, with 
which before it defcended. Bat if there is no 
ſuch original velocity, and conſequently no ob- 
liquity, this reaſoning no longer holds good ; 
for the body will now be ever found in the 
I right line paſſing through the center; and there- 
tore. when it has once acquired a progreſſive 
motion in this line, it muſt continue it, till hav- 
ing pafſed the center its velocity is abolifhed by 
the e; action of the . ſorce. 


IF the re adder, after the numerous s miſtakes 
which this author has been guilty of, in relation 
io the perpendicular deſcent of bodies, is deſirous | 
of ſeeing them all in epitome, he nced only 
_ conlult The 2d ſcholium of the 91ſt propo- 
ßition, which will fully ſatisfy his curioſity, 
and afford him an ample field for aſtoniſhment. 
He will here find our author's former difco- 
veries even improved; that bodies drawn to a 
center by centripetal forces, which increaſe per- 
petually their velocity, ſhall not only on a ſud- 


den be ſtopt at the center in the midſt of their 
been | 
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we are told, that the 


(Tab. IX. fig. 4. ) at the point 1, is 


ſidered : as a 
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fwifreſt motion; but be moreover annihilated 


(4). 


I N the demonſtration of the 98th propoſition 
radius of the curvature 


| mo 
Bu: 


ve. 


this is the Old mi ſtake of taking the radius inſtead 
For, iince the line xu is a tans 


of the diameter. 
gent in the point 2 and Wa e point ol 


| my” = | Nur | | 
9 8 and not , is the radius of | 

9; „ | 
the curvature at hide point, as we have formerly 


the curve, — 


ſhewn in our remarks on the 2d corollary. of the 
21ſt propoſition. | 


IN the 4th corollary to > this oropoſition. the ; 


' ſecond differences of z and y are falſely aſſigned, 
being there but of halt their proper magnitude, 
For to authorize the concluſions in this corollary 
NM ought to be the chord of the preceeding arch 

y continued; 


but ſince it is ſuppoſed to be the line, 
in which the body would proceed forwards from 
n, if not acted on, it muſt of neceſſity be con- | 
tangent to that Point m. 


TH E. remaining part of this chapter is ex- 


ceſſively obſcure, tedious and ten times more 


compounded, than it need to be, of which take 


tne following examples. 


T HE 10iſt propoſition requires none of thoſe 
complicated equations, it ſo much abounds with. 


The true method of ſolution is to conceive the 


motion of the body to be compounded of two 


motions, one of them parallel to the axis, and 


--- the 
(a) Corpus faun ac in centzum pervenerit, ibi evancſect. 
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the other peformed in a plane perpendicular to 


the axis; then conſider: ng theſe fer parately, the 


motion parallel to the axis will be ever uniform, 


being no ways changed by the attractive force , 
and the motion in the plane perpendicular to 


Unc axis will be reduced to the ſimple contem- 
wlation f the figure deſcribed by a body acted on 
5 by. a known central force, and having its direction 
in the ſame plane with that force ; then by com- 
bining th:ſ- two motions. Logetner. the ſituation. 
vi the body may at any time be known. From 
this method of ſolution the v -hole 18 rela” to 


p1' nciples already determined, and the conclu- 


ſions in the two examples annexed to this pro- 
polition are attained will but any computation. 


IN like manner the 102d propoſition a- 


bounds with 4 complication of differential equa- 


tions no ways ne eſſary, For if from the point 
Ain the figure of that propoſition a line be drawn 
perpendic ular to the plane APQ let us denomi- 


nate this line the axis. Then the force in Au 
may be always divided into two others, one of 


them parallel to this axis, and the other at right 
angles to it. But the parallel force being in che 


fame d! rech ion with the force MQ , the body by 
the Con}: anction of theſe two forces will approach 
the p lane AE PQ, and from the known Quantities of 


theſe forces. and the known velocity towards this 


Plane, the motion of accceding to this plane will 
be determined by the third chapter, it being 
under theſe circumſtances a rectilinear motion : 
and by the force per pendicular to the axis a cur- 
vilinear track will be deſcribed round chat axis in 


a plane, and to which that axis is always per- 


pendlicular; and as this curvilinear orbit may be | 


determined by t1e conſideration of the motion in 
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force AM be divided into two forces A 


axis is perpendicular, an e 
ſection of the axis with that plane for its center. 
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a plane only, f it is evident; that by this method the 
whole motion of the body will be determined 


by the means of known propoſitions, without the 
aſſiſtance of new principles, or the 1 of 


new computations. 


Ds the ſuperiority of this method of ſolution x 


we will give the following inſtance. 


Supposr a body at M to be attracted partly 


to the point A (Tab. II. fig. 1.) by a force di- 

rectly as MA, the diſtance from that point, and 
partly to the plane AP by a force directly as 
MQ, the perpendicular diſtance from that plane. 


To determine this tody's motion 5 let hs 


„ 


M, one of them, as AQ, perpendicular to 


| the axis, and the other QM parallel to it. 
The firft of theſe will be directly as the diſtance 
from the axis, ſince AM is always as the force 


directed to the point A, and by this force there 
will be deſcribed in the . to which that 
lipſis having the inter- 


The other force parallel to the axis will be as 


MQ, the diſtance of the body M from the plane 
APO but the original he] by which the body 
M Was attracted to the plane APQ, was alſo as 
this diſtance MQ; there ore the whole united 
force, by which the body M is urged towards 


that plane, is as M the motion then of ac- 
ceeding to that plane is the ſame, as that of the 


direct fall of a body towards a center, to 
which it is attracted in proportion to its 
diſtance from rhat center. Therefore the mol 
tion of the body in a plane perpendicular 


to the axis being 1 and the motion of 
ac- 
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acceeding in lines parallel to the axis to the plane 


APQ, or recedivg from it being known, the 


whole motion of "the body iS thereby deter- 
mined. 


From the known proportions between the 
force on M acting parallel to AQ, by which the 


ellipſis is deſcribe al, and the ſcparate forces, that 
; by their conjunction in the direction MO urge 


the body towards the plane APQ, the propor- 
tion between the time of one revolution in the el- 
lipſis, and the time of one oſcillation in a direction 
perpendicular to the plane APY is eaſily 8 
cd; and from hence the change of the poſition. 
of the nodes, or of thoſe points, in which the body 
paſſes through this plane in each revolution, is 
determined, the time of the bodies paſſing from 


one node to its opyoſite being the time of one oſ- 


cillation. If therefore a line be ſuppoſed drawn 
from the center of the ellipſis to the node, in 
which the body was laſt found; the next poſition 
of the node will be determined by a line drawn 
alſo from the center of the ellipſis, containing 

with the firſt drawn line an area, that ſhall be 
in ſuch proportion to the whole ellipſis, as is the 


time of one oſcillation to the time of « one revolu- 
tion in the ellipſis. 


TAS inſtance i is the ſame, with the example 
: Mr. Euler makes uſe of at the end of his 102d 
propoſition (only an error of the preſs i in the firſt 
| line muſt be rectified, where inſtead of AP there 
is MP 05 it alſo ein his 103d propoſition, : 


which 1s the determination of the nodes in this 


cafe. In the ſolution of this example Mr./Euler 


has filled ſeveral pages with the moſt abſtruſe 


and com aplicated computations, There are equa- 
— tions 
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tions ariſing to the 7th, 8th and gth power, and 


involving the third powers of firſt differences, and 


the ſecond power of ſecond differences there are 
introduced logarithms both real and imaginary; 


nay the ſimple determination of the nodes can- 


not be difpatched without the relation ol tangents | 
: and lines to their ape arches. 


THE laſt chapter of this Tallis.” which 


treats of curvilinear motion in a reſiſting medium, 
is equally exceptionable with any of the preceed- 


ing ones in reſpect to its method, and the obe. x 


: roſe computations, with which it is unneceſſari! ly 
filled. But as we have already diſtinctly exami- 
ned other parts of the book with regard to theſe 

_ particulars, we ſhall not enter into a farther diſ- 


cuſſion of them in this place, but ſhall conclude 


our remarks upon this volume by obviating a 
| moſt erroneous determination of the motion of a 


body in a refiſting medium, in the ſcholium an- 


nexed to the 112th propoſition. 


IN this oropoſition Mr. Fuler inquires, what 


law of reſiſtance combined with the uniform force 


of gravity acting in the direction AC (fig. 6. 


Tab. XI.) will compel a body te to move in a gi- 
ven N as BAMD. | 


T HE determination i 1 that, if the reſiſtance in 


every point, as M, is to the force of gravity, as three 
times the diſtance MQ to twice the radius AC, 
and this reſiſtance is ſuppoſed to conſpire with 
the motion of the body, when it moves upwards 
in the quadrant BA, but to be oppos'd to it, 
when it moves downwards in the quadrant AD. ; 
then the body by the combination of this reſiſt. 
ance with the force of gravity, will deſcribe the 


E 2. ---. ſemi- 
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e micircumfetenec BAD; and from hence in che 
ſcholium he concludes, the reſiſtances in the qua- 
drant AD being equal and altogether ſimilar in 
their directions to thoſe in the quadrant AB. that 
the body, when it arrives at D, will by means of 
theſe reſiſtances already eſtabliſhed return back 
throvgn the Temic!! eser D. AB to B. 


Tais Sap pears even to Mr. Euler x onderful, that 
a body at reft 1 in D, and acted on by a force per- 
pendicular to t 
does the reſiſtance act at the point D, ſhould by 
means of this force be impelled in a line diffe- 


rent from that perpendicular: : but he thinks, he 
has ſolved the Cigculty by telling us, that the 


force adting in the direction of the 2 
ference at "the point B is not abſolutely per- 
bendicular to the diameter in that point, but bas 


an infin nitely little dec ctien {rom the perpendt- 
* ular. | e | e : | | 


W HAT the angle aſi this infinite! 
Uttle deflection is, Mr. Euler vill never be able 
to 8 15 being an unintelligible reaſon ur- 
ged in ſupport of a falſe fact. For when the 
body arrives at the point D, it cannot return in 
the circumference DMA, hut by the interven- 
tion of ſome ſuperadded force. What has here 
miſled Mr. Euler, is his want of diſcerning, that 
the determination of the law of the reſiſtance ſup- 
poſes the body, when its reſiſtance is inveſtiga- 
ted, to move with, a motion. oblique to the action 
of gravity ; it being oy. by means of this obli- 
quity, that the compar1! on of the refiſtance with 
the force of gravity can. in this caſe take place. 
And conſequently the points B and D are ck. 


cluded 


the line DC, for in this direction 5 
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cluded from all inferences formed on theſe prin- 
ciples; no more being determined, than that by 
ſuch reſiſtances, as are here aligned, the body 
will move from any one point of the ſemicircle 
to any other, provided the point, from whence 


the motion is ſuppoled to 8 is neither B | 
nor D. 
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my remarks on Mr. Euler's book; as I ap- 


12 Sn ALL at p Pee no farther in 
prehend, what has been ſaid, will be ſuffi- 


cient to prevent an intelligent reader from be⸗ 


ing miſled by any of the miſtakes of the ſucceed-_ 


ing part. And, I think, it appears, that the 
moſt of this gentleman” s errors are owing to ſo 
ſrong an attachment to the principles, he had 

imbibed under that inelegant computiſt, who was 
his inſtructor, that he was afraid to truft his 
own underſtanding even in caſes, where the 
maxims, he had Jearnt, ſeemed to him contra- 
dictory to common ſenſe. But now I am to en- 


deer upon a mare arduous undertaking, to paſs _ 


cenſure upon the labours of a gentleman, who 
from his being a relation of the late moſt excellent 
Mr. Cotes, not only poſſeſſed all his papers at 
his death, but during his life enjoyed fo unin- 
terrupte ed a converfation with chat great man, as 
furniſhed him with an opportunity of every kind 
of information, he could at any time defire. 
Therefore as we gather from Mr. Profeſſor's 
N — +... 
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propoſals, that he has been imployed more than 
twenty years upon this work, and as he has in- 
formed us, that Mr. Cotes himſelf before his 
death had the ſame ſubject under conſideration, 
it were reaſonable to expect no ſmall ſhare of 
perfection in ſuch a performance. I ſhall there- 
tore endeayour to proceed in my remarks with 


all the gol I which, theſe reflections may 
ſeem to 8 


T H 1 8 175 ſers out (a) with a very un- 
Skilful repreſentation of a capital propoſition in 
Sir Iſaac Newton's Opticks (5), by omitting an 
eſſential part of it, which Sir Iſaac Newton had 
_ expreſſed under the form of an exception. For 


this exception 15 ſo extenſive, that the refractive. 


power of water, the moſt common of all refran- 
gible ſubſtances except the air, is almoſt half as 
much again in proportion to its denſity, as that 
power is in the air, in glaſs, and other terreſtrial 
| bodies, This power in all the oils is more than 

twice as much as in glaſs, and in one ſubſtance, the 

diamond, near three times as much. The repeat- 

ing the propolition afterwards at art. 189. entire, is 
no excuſe for omitting the exception in this place; 
ſince the concluſion, which Sir Iſaac Newton 


makes from this propoſition, depends Wolter 5 
upon chat exception. 8 


THERE ſoon follows, at art. 17. another 
inſtance of this author's imperfect knowledge of 
the true theory of the action between light and 
bodies, where it appears, that when a ray with- 
in a denſer medium falls upon the ſurface of it, 


he did not apprehend, that it would be reflected 
| till 
(a) I 5. 25 (8) B. [T. prop. to. 
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till "MY times, as the ſine of incidence bore a 

greater proportion to the radius than that, which 

meaſures the refraction; whereas the ray will be 
reflected, as ſoon as the ſine of the incident angle 
comes to that proportion. Upon this miſtake 

he proceeds afterwards in the mathematical part, 


art. 472, 487, and talks of rays emerging in 
the tangent of a circle. 


THOUGHA in this ep part of his treatiſe 
the author might be allowed to omit ſome cir- 
cumſtances, which in mathematical demonſtra- 
tions could not be diſpens'd with; yet he ought 
never to have expreſſed himſelf, as he has done 
at article 21, where he deſcribes the rays, which 
in opticks may be conſidered as parallel, to be 
ſuch, in which the difference of their diſtances 


at any two given places is inſenſible: whence it 


ſhould follow, that the rays of the ſun are not to 
be conſidered, as parallel, unleſs their diſtances 


at the orbir of mercury and at the earth wete not 
| ſenſibly different. In 


. the nue referred to in article 44,0. 
mean the place of the eye, for which it is uſed 
in the fourth chapter, the aſſertion in this article 

is not true. For the rays, which from P enter 


the eye, will none bed them proceed from Ps as 
5 here determined. ; 


"i N article 43 the ray, which whhin any 
glaſs lens makes equal angles with each ſurface, 
is ſaid to paſs through the middle point of the 
glaſs, whereas in all concavo-cohvex glaſſes that 
Tay is inclined to a point in the axis, which is al- 
ways without the glaſs. This everſight is indeed 
attempted to be corrected in the mathematical 


Fart, 
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part, Art. 228; but very imperfectly. It is on- 
ly fard, that in theſe Slafles this point will be a 
little wit hout the gl; 18 „ whercas in ſuch chere is 
no diſtance, which jt may not exceed. For the 
thickne!s of the olafs 13 to the difference between 
the ſemidiameters of the ſphercs, of which the 


WO ſurfaces are > as as this diſbancc LO the 
lef Jer lemidi ater. 


I'N article 93th this author has endeavoured 
to give ſuch a proof of the proportion, which. 
he has aligned between the light, we receive from 
the moon, And that we receive from the fun, as he 
imagiged, might be n apprehended; though 
he informs us, that he diſcovered that proportion 
by other means. It lee as far as it is jult, di- 
rectly from the propoſition for the fame purpoſi, 
of that excellent geometer James Gregory, in his 
Geom. Par. Univerſ. page 144, and the general 
propolition there mentioned for determining the 
Proportion between the degrees of light received 
from any planet, and from the ſun, is repeated 
in David Gregory's Aſtronomy a), a book In e- 
very one's hand. When this author was comparing 
 moon-light with daylight, had he deſcribed 
them both in a ſimilar manner, as was reaſonable _ 
to have been done, he would have feen, how 
little the deſcription, he has given of day-light, 
is to the purpoſe ; but it likewiſe appears from 
the reſult. For he firſt informs us, that the pro- 
portion, he has ſet down, is not true, but upon 
ſuppoſition, that the moon reflects all the light, 
it receives from the ſun; and yet his argument is 
drawn from comparing the light of the moon, 
ſeen in the day, with the light 'of the clouds, that 
& 8 is, 
00 Ha; 3. W $8. 
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is, is deduced from the quantity of light actually 


reflected by the moon, 


A 8 this ents « at Art. 98th, &c. in rela- 
tion to the apparent, place and magnitude of the 
images of objects ſeen by reflection and refrac- 


tion, has thought proper to depart from the prin- 


ciples delivered by the moſt approved writers 


"ON: opticks : in order to form a judgment upon 


this innovation, I ſhall lirſt ſet down diſtinRly/ the 
received e 


Tux figure and als of « obje cts are imme 
diately] bre fented to the fight by the images made 


upon the bottom of the eye; but their diſtance i 18 
judged of by concomitant circumſtances. This 
amongſt other means is naturally ſuggeſted to us 
by the rangement of the ſeveral "objects, that 
occur to our fight; ; thoſe appearing the moſt re- 


pp where the greateſt number of other ob- 
e&s are perceived to intervene, This way of 


e e information of diſtance by the fight 
has been ancicntly taken notice of ; being at large 


infiſted on by Alhazen the Ambian i in his treatiſe. 


of Opticks, Lib. 2. n.39. Inextenſive views there 
18 alto another more definite circumſtance, well! 


known to the painters, which ſuggeſts different 
_ degrees of diſtance. This is the blueiſh tint, 
which the colours of objects receive from the in- 
terpoſition of the air between them and the ſight ; 
which is greater in proportion, as a greater quan- 
tity of air is interpoſed between the eye and the 
object. But as the laſt of theſe two cauſes can 
have no ſenſible effect in very ſmall diſtances, 
where the eye is found to form an exact judgment, 
even without the aſſi ſtance of the other, it is ſup- 


poſed, that the eye 1s poſlalied of ſome powers 


Within 
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within it Caf, whereby i It receives this informa- 
tion. When any object is viewed attentively, 
we always turn the ſight directly to it, that the 
axis of the eye be pointed to the object; and therc- 
fore in viewing an object with both cyes the axes 
of the eyes are more inclined to each other, when 
the object is near, than when it is ræmoter; and 
this being an animal action, is capable in con ſe— 
quence of habit of ſuggeſting to the mind thedif- 
ferent diftances of objects by the different de- 
grces of this converſion of the axes towards each 
other. Beſides, as it is found, that the eye can- 
not ſee objects at the ſame time diſtinctly, which 
are atany conſiderable difference of diſtance, but 
can alternately fit itſelf toeither; this change made 
in the eye is allo by habit capable of ſuggeſting _ 
diſtance. Both theſe cauſes are very well explained 
by James Gregory, in his Optica Promota. At the 
end of prop. 28, he thus expreſſes himſelf, © quo- 
tidiana experientia majoris vel minoris contor- 
ſionis ſaxium oculorum] natura eſt edocta, ut de 
d ſtantià ſeu loco viſibilis conjecturam facere 
« poſlit;” and of the ſecond in the next propo- 
\ ſition, © nature inſitum eſt, ut humores oculi 
„ fluidos & mobiles aliquo modo diſponat ad 
radiantia propinqua, ut diſtincte pingantur in 
« oculi retinà; ex quorum humorum mutatione 
magna vel parva dignoſcit natura (quotidianis 
8 experientiis edotta) num parvo vel magno in- 
« tervallo diſtet radians ab oculo ; atque ita de 
illius loco conjecturam facit,“ The firſt of 
theſe to cauſes was known before the latter, 
which was not apprehended till after the manner 
of viſion by the refraction of the eye had been 
well conſidered ; inſomuch, that Kepler, who has. 
| explain'd the firſt of theſe cauſes diſtinctly (a), 
„ Con- 
(a) Paralipomen, in Vitellionem, prop. 8. 
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confines the judgment of diſtance from a fingle 
eye to thoſe diſtances, which bear a ſenſible pro- 
portion to the hr eadth of the pupil (a): ane d Agui- 
lonius, who alſo admits of the firſt, lays down 
a propoſition in form (: hough ene ary to expe- 
rience) that one eyC only is inc capable e oJ idging 
| of diſtance (C). That the firſt cauſe does ope rate 
to this effect, is from hence e e that wg 
judge better of diſtance by both eyes than by on 
alon ne, as is uf ſually experienced by direct ting . 
perſon to endeavour to touch an ob; ect at ſome 
mall diſtance by a lateral motion of the finger 
with one eye ſhut, But it is alſo evident, that 
the lingle we Se W ill like Wie | 11 ſome degree 
direct to the diſtance; becauſe, if the object 18 
not touch'd, the finger will not paſs at a great 
diſtance from it; and thoſe, who have the ule. 
but of one cye, will generally ſucceed in the ex- 
periment. In optick inſtruments, where the i- 
mages of beck are viewed with one eye, this 
| lift cauſe is ſuppoſed to be that, which ſuggeſts 
the diſtance of thoſe images; and that the.” eye 

fees them in that Jap e, whence the rays procecd, 
. which: enter the ec from the ſeveral parts of the 
image. „ „„ 


TuESsE are the moſt direct means of our 
judging of diſtances. But as we do not always 
loo at objects with the greateſt attention, there 
are other circumſtances accompanying objects, 

which offer themſelves to our tight, whereby their 
distance is ſuggeſted, In particular the angle, 
under which an object appears, whoſe magnitude 
is ſuppoſed 0 will give us an apprehenſion 
of a gr.ater or |fſer diſtance, according as that 
an le, or more properly the magnitude of the 


5 : | | image 
18 Ibid. prop. 9. (9) Optic, Lib. 3. prop. 1. 
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image « made in the eye, is leſs or gronter. Like 

wiſe if bodies are in motion, When the angle, 
under which they appear, increaſes, we ſhall. 


judge the body to W or to recede, when 
: char angle diminiſhes, Theſe and other collateral 


means of our receiving ſuggeſtions ot dliſtance, 


when oy do not con|pire with the for mer, ol- 
ten occaſion. pe in the fight, and caule us 
to miſtake the real ny tanco of beet 


Tu E fame deceptions are : Iſo liable to Ae 
place in the images of objects ſcen by optick in- 
ſtruments; and "the experiments, by which this 
author was induced to depart from the received 
opinion, are evidently of this kind; where the 
image of the object by its increaſing or diminiſn- 
ing upon the motion of the eye or glaſs ſcems to 
approach or recede, contrary to what it ought. 
to do upon the common principles (2). But 
this gentleman not duly con{idering, that the cye 
Was thus equally liable to deception in optic in. 
ſtruments, as in direct viſion, has been fo tar con- 
founded by theſe appearances, as to think it ne- 
ccſſary to relinquith the common doctrine, and 
to advance in its ſtead a new rule for determining 


the apparent place Ot { objects teen in thoſe inſtru- : 
ments. 


AccorRDinG to this gentleman the image 
of the obje is always judged to be at that diſ- 
tance from the eye, where the object itſelf would 
be ſeen under the ſame apparent magnitude (5). 
But this rule is in the firſt place deficient; as it 
can be no guide to the eye, when the original 
object has not firſt been ſeen. It is alſo contrary. 


to 


(a) Art. 1 138. and the re- (b) Art. 139. 
marks upon it. 
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to fact in the molt common and ſimple caſes. Ia 

microſcopes it is impoſſible, that the eye ſhould 
fudge the object to be nearer than the diſtance, 

e hich it has viewed the object it felf in pro- 

Y portion to the degree of magnity ing. For, when 
the microlcope magnifies much, this rule would 
Place the image at a diſtance. of which the ſight 

cannot poſſibly form any opt! non, as being an 

interval trom the eyes Which no object can be 


len. Yet this gentleman exprefly aſſerts, at ar- 


ticle 14 1 that the apparent diſtance of the image 
of an object ſeen either by reflection or rofracti- 
on. is to the diſtance of the object ſeen by the 
naked eye, reciprocally as the apparent magni- 
rtude of the object to the apparent magnitude of 
the image. I believe, in general, u hoc ver looks 
at an obicct through a convex glaſs, and then at 
the object it ſelf v Lithout the olaſs, will find the 
- object to 1 nearer in the latter cale, though 
n be magnified by the glaſs; and in the ſame 
trial with a concave glas, though by the glats 
the object be diminiſned, it vill appear ncarer 
through the glaſs than without. But the moſt 
convincing proof, that the apparent diſtance of 
the image is not determined by its apparent mag- 
nitude, is the fol owing experiment. If a double 
_ convex glaſs be held upright before ſome lumi- 
nous obſcct. ſuppoſe a candle, there will be ſeen 
two images, one erect and the other inverted. 
The firſt is made ſfimply by reflection from the ” 
neareſt ſurface, the ſecond by reflection from the 
further ſurface, the rays undergaing a refraction 
From the firſt ſurface both before the reflection and 
After. If this glaſs has not too ſhort a focal diſ- 
act, when it is held near the object, the inverted 
image will appear greater than the other, and 
alſo nearer; but if the gals be Carried off = 
| „„ 


On Dr. Sui rk. 


rhe object, though: the eye remain as near to it, 


the inverted image will diminiſh ſo much faſter 


than the other, that it ſhall appear at length very 
much 1: {s, but ſtill it will appear nearer. Here 

two images of the ſame object are ſeen under one 
view, and their apparent diſtances immediate! 


compared, and here it is evident, that thoſe dil 5 


tances have no neceſiary connection with the ap- 
parent magnitude. 


means. 


btcadth, let a ſmall bit of paper, or the like ob- 
- Jett, be ſtuck upon it ſomewhere about the mid- 


Then let the inverted image be viewed 


1 a ſhort tube, or a hole at y a diſtance 


from the eye, that the frame of the glaſs or any 
circumambient objects may be concealed from 
When the eye has attentively conſider- 
ed this! image, and fixed an idea of its apparent 
diſtance, let the glaſs be gently moved, while 


- the eye accompanies the image, till the Paper 


the fight. 


come alſo in ſight; then as the i image is actually 


formed nearer to the eye than the g. glaſs, ſo the 
paper will evidently ſtrike the eye with the ſenſe 


of its being more remote than the 1 image. If the 
ſame trial be made with the upright image, the 


Pa er will appear neareſt, This experiment ſuc- 


s beſt, when the eye is held as near to the 


Saß. as it can bear to ſee the 1 images e 


Le r us now 9 Mr. Profeſior's argu- 
ments, in art. 138, againſt the received opinion. 


One of his reaſons, that the different divergency 
of rays cannot be the means of fuggeſting to us 

the place, whence thofe rays come, is, that “it 

£ js a rational deduction from ſenſe, which in- 


6 forms US, that rays diverge from the points of 
2 an 


39 


This experiment will be ; 
rendered ſtill more convincing by the following 


If che glaſs be of” ſome conſiderahſe 


« loſophers, who > thought, that ſome thing like 
e rays proceeced from the eye to the We 
e 14 diſtinguiſh diſtances as well as we.” [his 
18 quite as g od arcafon for the yn of lis ght be- 
ing no cauſe of our ſec ing at all; bec cauſe t! Ie, 
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an i cet s W Wi the majorit ty of m ankin 1 


I» AVE Sastre norant of, and the ancient phi- 


. 


0 know *! ne rays come from the object, «© and 


A {e who imagined they iſſued from the eye, 
could ſee 1 ©: qually well. But certainly, as the ravs 
_ of lich. make ſuch an impreſſion upon the eye, 


S 


As to ral e ein us the ideas of the objects whence 
they procer d. though we have no immediate per- 


ception of thoſe r rays; ſo the change made in the 
eye, in con ſcouence of the different divergency of 


; the rays, may be a ſufficient caule to ſuggeſt to us 


difference of Cifance, + ithout our having gany di- 


rect Perce PA on of that divergency. RE - 


AxoOTHER argument is, that our ſenſible 
ideas of the places of the remote parts of a long 


walk or g uery, and of the clouds over head, 


and of all celeſtial bodies, are quite different Ger 5 


the rational ideas of the places, from whence the 

ftrays diverge, But theſe are objects placed be- 
yo ond the utmoſt diſtance of diſtinct viſion, and 
our not receiving information from this power in 


the cye of the diſtance of objects placed beyond 
its reach is no reaſon againſt its producing that 


chect W ithin the diſtances, a at t Which it operates. 


FT HE argument, drawn from chi ſucceſs of : 
painters in impo fing on the ſight by projections 
in perſpective, by the repreſentation of lights and 


| ſhadows, and other parts of their art, will then 
deterve to be confidered, when a picture Mal 


be produced not diſtinguiſhable from the origi- 
nal 
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nal object at a diſtance, in chich the eye can ſee 
with bert diſtinetneßß 


WIA I is! aid of 6 hſects ſe: en through glaſſes 5 
by converging ravs, is nothing to the purpoſe. 
F or though we ſhould admit this gentleman's o- 
pinion, that th e appearance of their approach is 
to be aſcribed to the augmentation of their viſible. 
magnitude, this can only be con ſidered as one of 
the « cafes, in which the eye 1s lubject to a decep- 
5 tion from that cauſe. 5 


Hun E this gentleman has alſo abiefied * 
gainſt our forming a judgment of diſtance from 
the inclination of the axes of the eyes; becauſe 
| theſe angles are varied by turning the head ſide- 

ways, while we look at an object, though the 
diſtance remains the ſame. But as this is no proof, 
unleſs we ſaw things as perfectly by a ſide-view, 
as by a direct one; ſo in his remarks (a) on this 
article he cor rects himſelf, and upon ſecond 
thoughts, it ſeems, will not diſpute, | whether 
the feeling of the turn of our eyes in directing 
their axes ſucceſſively from a remoter object o 
a nearer may not alſo contribute to correct our 
judgment of 1 Its diſta ee c 


As our author has e for his pre- 

deceſſor in his oppoſition to the received doc- 
trine a writer remarkable for the ſingularity of 
his opinions, and has even adopted his arguments; 
T ſhall here occaſionally obſerve, that that wri- 
ter has in fact ſubſcribed to the doctrine, he ima- 
gined himſelf to be oppoſing, in regard to the 
power of both eyes in this buſineſs. This is e- 
rident by comparing his words in the 17th ſec- 
tion 


a Art, 245. 
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tion of his Fſ1y towards a new Theory of Vi. 
ſion with the tranſcript, we ſet down above from 


Tames Gregory (a). As Mr. Profeſſor has ex- 


actly followed the example of his original in aſ- 


ſenting at laſt to the common opinion with re- 


gard to both the cycs, after having undertaken 


to oppoſe it; fo poſſibly he might by his ſecond. 


thoughts have done the ſame in relation to one 


tye, had his author expreſſed himſelf ſomewhat 


_4nore diſtinctly, where he nas done lo ; z tor Uſe. 

der the improper terms of ſtraining the eye at 

Seck. 27, he hi is in reality acknowledged this con- 
7 


ſequence of the power, which fits the eye to each 
be diſtance. : 


To app'y hh doctrine of apparent place to 


the alfigning the apparent places of the images 
cen in optick inſtruments, it is neceſſary, that 
the apparent magnitude be aſſignable with-⸗ 
but regard to the apparent place, and for this end 
the antiquated « doctrine contained in that ancient, 
but trifling piece of opticks aſcribed to Euclide, 
that the apparent magnitude ſolely depends on, 


and is proportional to the angle, under which it 
is feen, is here at article 98 revived. Though 


Mr. Profe ſſor has delivered this maxim under the 


name of a definition 3 yet it is e he did not 

„ in- 

(a 3 the nd has * tween thoſe 9 forts " + 
by conſtant experience {quo- * deas ; fo that the mind no 


©+ tidiana experientia, &c. Opt. ** ſooner perceives the fenſa - 


- has grown an habitual or 


dale, connection be- 


„ Prom. J. Gregor.) found * tion ariſing from the dif- 
the different ſenſations cor- 
relponding to the diffe- 
<« rent ditpofitions of the. 
eyes to be attended each 
„with a different degree of 
* ae! in the object, there 


ferent turn, it gives the eyes, 
in order to bring the pupils 
e nearer or farther aſunder, 


but it withal perceives the 
<< different idea of diſtance, 


< which was wont to be cone 


© nected with that ſenſation. 


On Dr. SMITH. 43. 


intend merely to impoſe an arbitrary ſenſe upon 


the phraſe apparent magnitude, but underſtood 
thoſe words in their common acceptation for the 


idea of magnitude, which is excited in the eye 


upon the view of any object. Otherwiſe what is 
ſaid in the 104th and following articles concern- 


ing the apparent magnitude of. objects ſcen by 


: refrated or reflected rays, would be little more 


than tautology. Beſides, he aiterwards, at article 


156, follow: Prop. 6th of the treatiſe abovemen— 
tioned in afſigning the diminution of the angle 
(without taking in a any additional conſideration) as 


the reaſon, why the diſtant parts of parallel ines 
leem to the eye not ſo wide afunder, as the near- 


er parts. He alſo repeats after Prop. Toth and 
11th of this treatiſe the like reaſon, why the re- 


mote parts of a walk or a floor appear to aſcend 
gradually, and the cieling to deſcend ; and after 
Aguilonius, whom the authority of Euclide's 
name led into the ſame error, that the upper 
parts of very high buildings ſeem to lean forward 
over the eye below, and that the diſtant parts of 


a line extended from che eye diminiſh to che 
5 fight 1 9 6 5 


"Ne TER all this in the 160th and following 


articles Mr. Profeſſor relinquiſhes this notion of 


apparent magnitude, and acknowledges, that it 
depends 1n part on our judgment of the diſtance ; 
that two rows of trees which are parallel, by 
ſtanding upon an aſcent, whereby the more re- 
| mote parts appeared farther off, than they really 
were, the trees were thought to diverge; that 


animals and all ſmall objects ſeen in vallies con- 
_tiguous to large mountains appear extraordinary 


ſmall, becauſe we think them nearer to us, than 
they really are that in like manner, when 
"6. HEE 


(a) Optic Lib. 4. prop. $; & ConſeR. 
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things are placed upon the top of a mountain, 


or upon a large building, and are viewed from 


below, we think them extraordinary ſmall for 


the fame reaſon and in the laſt place, that the 
ſun and moon in the horizon appear to us larger 


under the ſame angle, becauſe they are zudy Sed 


fart thc rot, 


0 reconcile theſe contradictions, in the re- 


marks, art. 301, it is ſaid, that there are two 


ſorts of apps rent magnitude. => hope, this 


gentleman does not mean, tha at objects have 
two APPATENT: magzaitudes at the ſame time: 


n. 1} he only means, that in fome circumſtan- 


ces objects give us the idca of one apparent mag- 


nitude and acer other circumſtances of inothers ; 


he oug aht to have ſhewn, how it can be brought | 
10 pats, that the Idea of apparent magnitude, 


which is unalter:ble, either by the power of the 


| imaginatio n or any circumſtances whate! ver, that 
do not affect the picture of the objcct upon the 
retina, can be obliteraced: and another depending 


upon a coll; eral CIFCU! nftance take Place in its 
room. 


A'S this gentleman is very large upon the ap- 


ben rance of the horizontal luminaries; and, by 


his referring at art. 232 of the remarks to Riccio- 


li and a paper of Mr. Molyneux publiſhed in the 


| Philoſophical Tranſactions, Num. 187, for the 
hiſtory of what had been done before him, ſcems 
deſirous, the world ſhould be duly apprized, 

how much he has contributed to the explanation 
of that appearance; theſe accounts being very 
defective I ſhall here give a fuller hiftory of this 


matter. Ptolcmy in his Almageſt Lib. 1. c. 3. 
«icribes this appearance to a refraction of the rays 
by 
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by vapours, vrhich actually enlarge the angle, 
under which the luminaries appear 3 Juſt as he 
angle is enlarged, by which an object is feen from 
under water. Thus he is underſtood by his com- 
mentator Theon (a), who an oe diſtinctly how 
the dilatation of the angle in the object immerſ: L. 
in water is cauſed, This paſſage of Piolemy we 
had copied by the two Arabian aitronomers 
Altraganus (5) and Geber (c). 


Bo T as ſoon as it was diſcovered, that there 
Was no alteration in the angle, this cauſe was 
rejected, Accordingly we find, that Regiomon- 
tanus in his E pitome of the Almageſt makes no 
mention of this cauſe aſſigned by Prolemy, but 
refers to the optical writers 504), who agree in a- 
nother opinion. Alhazen an Arabian author 
ſomewhat later than Alfraganus and Geber, 
though he admits, that ſome ſuch refraction may 
At particular times cauſe a more than ordinary 
appearance of this phenomenon, yet he denies 
this to be the conſtant cauſe, and that the appea- 
rance is not owing to any real augmentation of 
_ the viſual angle, but to an optical deception. Af 
ter he has endeavoured to ſhew in diſtinct pro 
poſitions, that the ordinary refraction of the he 
would rather diminiſh than increaſe the vitual 
angle ar the horizon; then to account for the ap- 
pearance in queſtion, he repeats from a iormer 
part of his work, that the ſight judges of the 
magnitude of viſible objects by comparing the 
viſual angles, under which they are ſeen, with 
„„ Rr 


(a Pag. _ (4) In eare ſenſum decipi 
(5) Elem, 8 cap. 2. perſpectivis conclamatum ett, 
(= — Lib. 2. bag. 21. Lib. 1. Concluſ. I. 
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their diſtances (a), and that, if the eye does not 


torm a true judgment of the diſtances of objects, 
it will not form a juft opinion of their quanti- 


tics. Next he obſerves, that the ſight perceives 
the colour of the sky, but not its form; and 
Whenever the fight perceives any colour ex- 


tended in length and breadth without difcerning 


its true form, it will conceive it, as flat, by reſem- 


bling it to the uſual ſuperficiee, which occur to the 


fight, ſuch as walls, or the like, and this is the 
appearance of all convex and concave ſurfaces at 


diſtances very remote (5) : therefore that the 


fight apprehends the ſurface of the sky, as flat, 
and judges of the ſtars, as it would of ordinary . 
vilible objects extended upon a wide ſpace; and 


when the ſight views ſuch objects diſperſed over 


any extenſive place, and ſees them under equal 


angles, and perccives the quantities of their ” 


tances, then that, which is moſt remote, is 
eſteemed the biggeſt (c). Again, as the foht 


does 


aj Dico, que in ſecundo 
tractatu hujus libri declaravi- 
mus, cum tractavimus de mag- 


nitudine : quod fi viſus com- 


prehenderit magnitudines vi- 


fGbiliura : comprehendit illas 


ex quaniitatibus angulorum, 


quos reſpiciunt vifibilia apud 


centrum viſus & ex quanti- 
tatibus remotionum, & ex _ 
comparatione angulorum ad 
vemotiones. _ Optic. Lib. 8. 
n. 55. p. 28 

(60) Viſus comprehendit co- 


torem cœli, nec tamen certi- 


f cat formam ejus nudo ſenſu. 


Et cum viſus comprehenderit 


colorem aliquem in longitu- 
dine & latitadine: ſuper hoc ; 


quod comprehendit figuram 
& formam : comprehendet 
plum planum : aſſimulabit 
enim ipſum aliquibus ſuper- 


ficiebus aſſuetis, ut parieti & 


allis. Et hoc modo compre- 
hendit ſuperficies convexas & | 


a COncavas in remotione maxi- 


ma. Ibid. | 
(c) Viſus ergo comprehen- | 
dit ſuperficiem cœli planam, 


& comprehendit ſtellas; 6- 
cut comprehendit vifibilia aſ- 


ſueta ſeparata, quæ ſunt in 
locis ſpatioſis. Et cum viſus 
comprehenderit aliqua viſibi- 
lia aſſueta in loco aliquo ſp 
tioſo, & comprehenderit lla 
angulis æqualibus, & com- 
_ prokendiecis. 
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does not perceive the concavity of the Sky, and 


conſiders the ſtars, as placed in it, it perceives 
equal ſtars to be unequal, when in different places. 
For it compares the angle, under which a ſtar 
is ſeen near the horizon, to a remote diſtance, 


and the angle, under which the ſame is ſeen in 


a more elevated part of the sky to a near diſ- 
_ tance, and eſtimates a ſtar in or near the hori- 


zon to be greater than in the upper part of the 
sky; and therefore eſtimates the ſame ſtar in dit- 
ag parts of the sky to be of a different mag- 
nitude (a). And after having argued againſt the 
refraction of the air's being the cauſe of this ap- 


pearance, becauſe, though it conſpired to this 


effect, it would be too ſmall to produce the ap- 


pearance, he ſums up the whole thus: * Cauſa 


ergo, propter quam videntur diſtantiæ ſtella- 
rum in horizonte majores, quam medio cœli 
aut prope: eſt illud: quod ſenſus eſtimat 1]- 


cc 


las diſtare magis in horizonte, quam in medio 


cli. Et hoc, quòd viſus comprehendit ſtel- 


Alas in diverſis locis cœli diverſas in magnitu- 
& dine: eſt error perpetuus: quia cauſa eſt perpe- 
tua: & eſt: quoniam viſus comprehendit ſu- 


perficiem cœli planam, nec ſentit concavita- 


tem ejus & =qualitatem diftantiz 3 A viſu. Ibid. 
pag. 282. 


THIS 


prehenderit quantitates diftan- 
tiarum viſibilium: tune illud, 


quod eſt remotius. compre- 


hendetur majus. Ibid. p. 281. 
(ga) Viſus ergo comprehen- 


dit ſuperhciem cœli planam, 


nec ſentit concavitatem ejus, 


& comprehendit ſtellas ſepa- 


ratas in ipſo. Comprehendit 
ergo ſtellas =quales, feparatas 
inæquales: nam comparat 


angulum, quem reſpicit ſtella 


extrema, propinqua horizonti 


apud centrum viſus, ad diſ- 


tantiam remotam, & comparat 
angulum quem reſpicit ſtella 
in medio cceli, & ropin- 
qua medio, N. 


que, Et ſimiliter compre- 


hendit ſtellam, quæ elt in ho- 
rizonte aut prope, majorem 


ea, quæ eſt in medio cceli aut 


prope. Comprehendit ergo 
eandem ſtellam & diſtantia m 
in diverſis locis cœli, diverſæ 


quantitatis. Ibid. 
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Ta1s cauſe of the appearance is ſo fully ſet 
forth by this writer, that he has been almoſt uni- 
verſally followed ever ſince. Vitellio affigns the 


fame (a), and receives therein the approbation 
of his commentator Kepler (5); inſomuch that, 


where he ſeems to join the refraction of the air 


as an additional caule, Kepte r aſcribes 1 it toa q 
” pograp ical error 0. Is 


 Ovnr country men John Peckham Archbi- 


ſhop of Canterbury and the famous Roger Bacon 
; have very diſtinctly expreſſed the fame. The 
former in a treatiſe entitled Perſpectiva Commu- 


nis firſt lays down this propoſition, ** Diſtantiam 


c horizontis majorem apparere quam alterius cu- 
juſcunque partis hemiſphern.” His reaſon is, 
Ubi major magnitudo interjacere videtur, ne- 


e ceſſe eſt, ut etiam major diſtantia eſſe vide 
„ atur. Sed inter eee & videntem tota 


* terræ latitudo interjacere videtur. At inter 


« videntem & punctum cœli verticale nihil in- 


d terjacere vidctur (d).“ Then his 82d propoſi- 
tion is this, “ Stellas in horizonte majores appa- 
rere, quam in alia parte cœli,“ which he 


proves from the former propoſition, © Quia ma- 


+ g1s Giſtare videntur ſtellæ in horizonte, quam 
in alia cœli parte, ac tum in ortu, tum in me- 


dio ccelt ſub æquali angulo videntur; ſcqui- 


5 tur ſtellas in horizonte majores apparere quam 
<* alivi. Quia res ex æquali angulo ad majorem 
diſtantiam relata, major eſſe judicatur.”“ The 
latter. though more conciſe is equally explicite. 


Quod viſus judicat ceelum quaſi plane figure 


© extenſa 
(a] Optic. Lib. 16 n. 54. (c) Ibid. pag. 132. 
(4) Fal in Vitell. (4) Lib. 1. prop. 65. 
Pag. 134. — — 
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extenſæ ſuper caput in orientem & occidentem, 
quando aſpicit ad alterum illorum. Sed quod 
< videtur prope caput propinquius videtur, & 


de 


de 


ideo ſtella quando eſt in medio cceli videtur 


„ elle . & ideo in horizonte vide- 


ce tur magis diſtare, ſed quod magis videtur 


diſtare, videtur ſe majus, poſtquam ſub eo- 
dem angulo videtur. ” Perſpectivæ Diſtinct, 


3. 6. 


Tus was the opinion of the cauſe of _ 
appearance, while the Arabick learning prevailed; 
and the fame has been generally adopted ſince. 


Beſides Kepler before mentioned, who propoſes | 
again the ſame opinion in his excellent Epitome 


of Aſtronomy, Lib. i. pag. 81. Chriſtopher Roth- 


mannus ſomewhat carller being mathematician to 
the famous Landgrave of Heſſe-Caſſel, and co- 
temporary with Tycho Brahe, at page 109 of 
his Diſcourſe on the Comet in 1585 in direct 


terms approves of the explanation of this phe- 


nomenon given by Alhazen. And Cardan ſtill 


earlier has very diſtinctly expreſſed the ſame opi- 


nion in the following words. Aſtra omnia, 


« dum oriuntur & occidunt, majora viden- 


tur, quam in cœli medio, quoniam terræ mag- 
& nitudo intermedia facit, ut oculus ca plus diſ- 
<« tare exiſtimet, & ob id eſſe majora : nam & 
c turris ulna major judicatur ab oculo illius dif- 
« tantiam comprehendente, tametſi minorem 
FE, angulum 1 in oculo faciat ulna pin (a). 


Acain Martin Hortenſius in his Difſerta- 
tion on the appearance of Mercury in the Sun 
H anno 


(a] De ſubtilitate. Lib. 3. f 4. 
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anno 1631, at pag. 42 expreſſes himſelf to the 


ſame effect, Qua cœlum longius a nobis 


<< putatur diſtare in horizonte ob Jongifſimum 
« terre tractum interjectum, in medio au- 
( 


tem cœli videtur vicinius, quia nihil ei inter- 
++ picitur, Apparent quoque ſtellæ majores in 
© horizonte quam in medio cœli; cum eorum 
quæ ſub codem angulo videntur, quæ longius 


putantur . majora appareant, que 9 
wh Boe? mnora,' 


Arrw years after, Des Cartes in his Diop- 


| tricks Cap. 6. P. 93. gives expretly the ſame rea- 


ſon 3 “ hc aſtra | ſol & luna] circa meridia- 
num in cœli vertice minora apparent, quam 
cum ſunt in ortu vel occaſu, & occurrunt inter 
ipſa & oculos noſtros diverſa objecta, que ju- 


cc 


dicium de diftantia melius informant. Et a- 
5 ſtronomi cum ſuis machinis illa dimetientes 
+ ſatis experiuntur hoc, quod ita jam majora, 
jam minora appareant, non ex co contingere, 
e quod modd ſub majori, modo ſub minori an- 
gulo vidcantur, ſed ex eo quod long ius diſſita 5 


(0 


cc 


ok judicentur.” 


Tus r are the words of Des Cartes, which 
Mr. Molyncux in the paper, to which our au— 


thor refers his readers, has ſo ſtrangely miſrepre- 15 
ſented. Nor has Mr. Hobbes fared any better 


uncer his hands, For though he erred in ſuppo- 


ſing, there was any neceſſary connection between 


the center of that arch, into which the ſky ap- 
pears, as formed, and the center of the earth ; 


. yet he accounts for the appearance truly from 
our being to ſenſe out of the center of that 


arch 


— r n—_ 
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arch( a); nay has extended this ſo far, as to obſerve 
this deception to operate gradually from thc very 
zenith to the horizon, and that if the apparent 


arch of the sky be divided into any number of e- 
qual parts, thoſe parts in deſcending towards the 


horizon will e tubrend a leſs and leſs 


angle (6). 


JamMES GrEGoRY alſo ſubſcribes to the 


common opinion, though he agrees with Alha- 
Zen, that an extraordinary retraction by clouds 


may at particular times increaſe the a pPCArance. 
Geom, Par. Univerl. p. 141. 


1 wonDER our author mould repreſent Mr. 
N s paper, as containing the laſt tuoughts, 
H 2 La fp. wich 


(e Cauſa quare ſol, luna, 


& cæteræ ſtellæ majores ap- 


parent prope horizontem 
* quam ab horizonte remo- 


6 tiores, ex eo oritur, quod 


FR 7 - 


cum oculus fit in luperficie, 
non in centro terræ magis 
«« diſtat ab horizonte aſpecta- 


6“ bili, hoc eſt, ab horizonte 


© cerulex illius ſuperficiei 


ab ejuſdem ſummo culmine, 


« Etſi enim terra ad orbem 
«* ſtella cujuſcunque rationem 


„ magnitudinis habeat incon- 


e ſiderabilem, magna tamen 


4 * el. comparata cum diſtantia. 


quæ apparet ab ipſa ad 


60 loca ſtellarum apparentia.“ 
As this writer had very little 
mathematical skill, no wonder 


he ſhouid conceive the jubje&t 


ſo indiſtinctly; but immedi: 


ately after he gives a better 


reaſon for this difference in 


the apparent diſtance of the 


different parts of the sky. 
** Accidit oculo he Þontem 


quam vocamus cœlum, quam 


proſpicienti diſtantiam ejus 
terram interpoſitam legen- 


« videtur dittare quàm a cœ- 


« Jo ſummo. Majorem au- 
tem diſtantiam apparentem 
« fſub codem angulo viſorio ne- 
oh ceſtario ſequitur imago ma- 
«© jor.” Hobbes de Homine 


cap. 3. p. 17. It it be ſorpri- 


ing, that this author ſhould 
here expreſs himſelf in part 
ſo ill, in part ſo juſtly, it may 


be remembered; that he has 


been fulpected of receiving al- 


filtance, in what he has writ 
both in geometry and opticks 


from the manuſcript. papers 
of a perſon of more skill, Mr. 


Warner the publiſher of Mr. 


Harriot's Artis Analyticæ 
Praxis. See J. Walliſii Elench. 
 Geom. Hobbian. p. 116 & 
Sethi Ward, Exercitatio in 
Fhyoloplum Hobbianam p. | 


356. 
%% Hobbes de Ilomine, 
cap. 7. P. 41. | 


do æſtimare, unde magis 
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Which had been advanced upon this ſubject, 
excepting the fancy in the Eſſay toward a new 


Theory of Viſion, which is here fo diffuſely 
examined; when in the ſame Philoſophical 


Tranſaction, in which Mr. Molyneux's paper 
was publiſhed, there follows a diſcourſe of 


Dr. Wallis, which alſo is quoted in the New 
Theory of Viſion, wherein the Doctor aſſigns the 
fame cauſe as thoſe authors, we have here na- 


med. And fince Mr. Profeſſor thought fit 


to examine in form fo trifling an opinion, he 


ſhould not, methinks, have put us off with a 
bare referring to Riccioli for the hiſtory of the 


ſubject. For he has made mention of no other 


than the two opinions, which we have already 
taken notice of, excepting that of Gaſſendus 3 


whereas Bapriſta Porta has given us no leſs than fy 
three others (a), and Scheiner has likewiſe ſug- 


_ veſted a particular thought upon the ſubject, that 


the appearance might in part ariſe from the contrac- 


tion of the perpendicular diameter of the lumi- 


naries, or the perpendicular diſtance of ſtars near 
each other, whereby we may be led into a wrong 


judgment, and inſtead of conſidering theſe, as 


le ſſened, conceive the horizontal diameters of the 
luminaries, or the horizontal diſtance between 


two ſtars, as increaſed. Refract, Cceleſt, cap. 85 
Page 46. 


Bur indeed none of theſe obſcure opinions 


: deferve any particular examination; nor even 


that of Gaſſendus, though an author of greater 


fame, who would aſcribe the appearance merely 


to a dilatation of the pupil, which he ſuppoſes to 


attend the view of celeſtial objects near the 


ho- 
(a) De Refract. L. 1. prop. 12. 
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horizon (2); for this is inconſiſtent with the 
Principles of opticks, and the author of it ſo to- 


tally ignorant in that ſcience, as to aſſert, that 
a dilated pupil magnifies an object for the ſame 
reaſon, as a convex glaſs does (6). His letters 


upon this ſubje& contain likewiſe divers other 
abſurdities; that the office of the cryſtalline hu- 
mour is to erect the images of objects, which 
otherwiſe would appear inverted (c); that no ob- 
ject is ever ſeen by both the eyes at once for this 
ſtrange reaſon, that becauſe an object viewed firſt 
Wich one eye alone, and then with the other, ap- 
pears to cover different places of a diſtant wall, 
therefore if the axis of both eyes were together 


directed to the object, both thoſe parts of the 


wall, if not the whote interval, ought to be hid(d), 
nay, great part of thoſe letters is taken up in re- 
viving and juſtifying the ridiculous Epicurean 
ſcheme, that objects are ſeen by ſpecies continu- 
ally flying off from them. 


Nox do we find, that this opinion af Gaſſen- 


dus gained any credit with the skilful, however 


a writer or two of little note may have fruitleſ- 


ly endeavoured to make ſenſe of it. On the con- 

trary Huygens in his treatiſe upon the Parhelia, 
tranſlated by our author, has approved, and 
very clearly explained the received opinion (e). 


Tris 

"fol De apparente magni- le) The cauſe cf this fal- 
tudine ſolis humilis & lublt- „ lacy in ſhort is this, that 
mis Epitt. 1. art. 5. * we think the ſun or any 
(8) * * 2. art. 13. « thing elſe in the heavens 
. to be remoter from us, 
(c) bid. art. 4. p. 18. « when it is near the horizon, 


(.) Ibid, art, 17. Pas. 52. than when it approaches 


66 towards the vertex, vecauſe 
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Inis apparent g greater diſtance of the ſky near 
the horizon is ſo very obvious to the ſenſe, that we 
find it aſſumed, as indubitable, uponall occaſions. 
Aguilonius, though he does not conſider the ef- 
ect of this appearance upon the luminaries, or the 
diſtance of itars, has in the very page quoted by 
our author, in article 160, for another purpoſe 
this propoſition, © Cœlum prope horizontem 
longius a nobis diſtare videtur quam juxta ver- 
„ ticem (a). And Merſennus in his Opticks, 
pag. 495, ſays, ** Viſus non deprebendit quan- 
« tum aſtra diſtant a nobis, & cœlum terre in 
e ambitu horizontis cohærere putat: res enim 
-6 ut plurimum propinquiores exiſtimantur, qua- 
rum intermedium ſpatium non percipitur : 
« hinc ccelum prope horizontem longius _ 
* Juxta verticem a nobis diſtare videtur. = 


Bur Mr. Hobbes IS the only « one, who has . 
fy conſidered this vaulted appearance of the ſæy, as 
the real portion of a true circle, and Mr, Pro- 
feNor has followed him herein fo far, as to im- 
prove upon his thought of dividing this arch in- 
to equal parts; propoling t to bod what portion 


of 


« we imagine every thing in “ in it is lr imagined 
„ the air that appears near ag be much further from 
« the vertex to be no farther * us. Now when two ob- 
from us than the clouds jects of equal magnitudes 
* that fly over our heads; appear under the ſame vi- 
© whereas on the other hand ** ſual angle, we always judge 
we are uſed to obſerve a © that object to be larger 
large extent of land lying which we think is remoter. 
„between us and the obje cts © And this is the true cauſe 
near the horizon, at the far “ of the deception we have 
< end of which the convexi- „ been ſpeaking of.“ Art. 
„e ty of the ſky begins to ap- 556, 

* pear; which therefore with (a) Optic. Lib, 4. Prop. ' 
6 the _ objects that "appear: Conſect. 1. | 
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of a circle this arch contains by obſerving the 


angle of the elevation of the middle point be- 
tween the zenith and. horizon. 


As this is the only addon, this gentleman 
has made, to what had been before advanced up- 
on this ſubject, 1am ſurprized to find the pro- 


blem ſo very lightly paſſed over, ſince it is capa- 


| de _ABCD- whoſe 


ble of a geometrical folution, which affords a 
better mechanical conſtruction than the inartifi- 
cial one, he acquieſces in; and beſides admits of 


Aa computation ſo conciſe, as to be eter ablet to ci. 
ther. If in the cir- 


center is E, two Di- 
ameters AC, BD be 
drawn perpendicular 
to each other, and in 
AE, EF be taken 
to AF, as the tan- 1 
gent of the angle 
__ obſerved to the radi- 
us, this angle being 
leſs than half a right 
the point F will fal! = 
between A and E. Then E F being divided! into 
two equal parts by the line GH parallel to BD, and 
ED alſo divided into two equal parts by the line 
IK parallel to AC, and to the aſymptotes GH, 
IK the hyperbola LM being deſcribed. through 
F cutting the quadrantal arch AB in N; the 
arch BN will be ſimilar to half the apparent 
arch of the ſky between the zenith and horizon. 
But the problem may alſo be ſolved by computa- 
tion thus. Deduct the ſquare of the tangent of the 
angle obſerved, and one third of that ſquare each 


from 
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from the ſquare of the radius. Then, as the ra- 


dius is ſuppoſed unity, the arithmetical comple- 


ment of the logarithm of the greater of theſe two 
numbers, halt that complement, and the loga- 
rithm of the other number being added together 


give the logarithmick coſine of an angle, the 
coſine of the third part of whichexceeds half the 
arithmetical complement of the greater of the 


two forementioned numbers by the ſine of the 
angle, whoſe tangent is to the radius, as the ap- 
parent horizontal diſtance to the e per- 

a ar diſtance. 


By this computation it will be eaſy to judge, 


how far the figure of the ſky can be determined 
by obſervation upon this principle. As our au- 
thor places the limits of the middle altitude with- 
in 18 and 3o degrees, if the altitude be 20 de- 
Jo the horizontal diſtance will be ſcarce leſs 
than ſour times the perpendicular diſtance; but 
if the altitude be 28 degrees, it will be little 
more than two and; an half. 


A FTER this account of what authors have 
ſaid upon this phænomenon, it plainly appears, 


how little reaſon Mr. Profeſſor has to aſſert in 


article 333 of his remarks, that ever ſince the 


time of Ptolemy the cauſe of it has been dubi- 
\ ous and diſputed. Probably he ſcarce looked far- 
ther into this matter than the diſſertation of Mr. 
Molyneux, he here praiſes, who alſo for want 
of inquiry and miſtak. 8 the authors, he had 
ſeen, had thus repreſented .. But we find on the 


contrary,that from the time of Alhazen the opinion 


of the beſt writers had been, as it were, unani- 
mous. Where this gentleman learnt, that the 


firſt 
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firſt aſtronomers were not aware, that the inter- 


vals of ſtars ſeem much greater near the horizon 
than the meridian, cannot conjecture: for 
ſurely it is impoſſible to have lookt at the ſtars 


without perceiv.ng it. Nor can f find, where 


Ptolemy has given that piece of adviae, dur au- 
thor here aſcribes to him. In the place, he has quo 
ted, nothing is ſaid upon the ſubject. But I 
1 ſuppoſe, he intended to refer to the ſecond chap- 
ter of the ninth book of the Almageſt, which is 
cited by Kepler on this occaſion (a), though no- 
thing farther 1s there to be found than this ſhort 
obſervation, that the difference in the apparent 
_ diſtance between ſtars in different elevations cre- 


ated a difficulty in judging of the exact time, 
wherein the planets a are ſeen NY 


IN this particular inquiry, beſides ſhewing the 
true ſtate of the ſubject, I had alſo a farther de- 
ſign, to ſet forth hw well the principles con- 
cerning the apparent magnitude of objects had 
been eſtabliſhed, and how generally approved, 
which this gentleman has rejected for that crude 
conception concerning it, advanced in the firſt 
dawn of this ſcience. But it will not be amiſs to 
ſee farther how diſtinctly optical writers have ex- 
3 Preſſed themſelves * this head 1 in general. 


ALHAZEN has here delivered himſelf i in very 
diſtinct terms, that though the apparent magnitude 

of objects had been by moſt aſcribed to the magni- 
tude of the viſual angle only, yet that this opinion 

was undoubtedly falſe, He aſſigns this reaſon, that 


within moderate diſtances it is evident to the 


ſenſe, that the object does not appear leſs to the 
eye by increaling the diſtance, That for — 
1 the 


(a) Parakpom, i in Vitel. pag. 134. 
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ſight, that one diameter 


the eye does not perceive a thing at two cubits 
diſtance, as if it were leſs, than at the diſtance of one 
cubit, nor even tho' it were remov'd tothe diſtance 


of three or four (2). He confirms this farther by 
obſerving, that if two diameters are drawn in a 


circle, and the circle ſo wh on before the 
"all appear under a 
leſs angle than the other; or if the two ſides of 


a ſquare are offered to the ſight in the ſame man- 


ner; yet, if the diſtance be moderate, the eye 


| ſhall notwithſtanding ſee one as a circle, the other 


as a ſquared). To ſhew how conſiderable a power 
the diſtance of the object has upon the idea, we re- 
ceive from the eye ot its magnitude, he afterwards 


(a) Plures opinantur, quod 


quantitas magnitudinis rei vi- 
ſæ non comprehencitur a vi- 
| ty, rift ex quantitate anguli, 
qui fit apud centrum viius, 
quem continet uperficies py- 
ramidis radialis, cvjus baſis 


continet rem viſam: & quod 


viſus comparat quantitates re- 

vilarum ad quantitates 
angulofum, qui fünt a ra- 
diis, qui continent res viſas 
apud centrum viſus, & non 
ſuſtentatur in comprehenſione 
magnitudinis, niſi ſuper an- 
galos tantum. Et quidam il- 
2 opinantur, quod com- 
prehenſio magnitudinis non 
completur in comparatione ad 


angulos tantùm, fed per con- 


fiderationem remotionis rei 
viſæ, & fitus ejus cum com- 
paratione ad angulos. Et ve- 


ritas eſt, quòd non eſt poſſibile, 
ut ſit comprehenſio quantita- 


tum rerum viſarum a viſu ex 


propoſes this obſervation; if a man ſhould cover 


with 
comparatione ad angulos, quos 
res viſe reſpiciunt apud cen- 
trum viſus tantum. Quoniam 
eadem res viſa non diverſa- 


tur in quantitate apud viſum, 


quamvis remotiones ejus di- 
verſentur diverſitate non mag- 


no. Quoniam quando res ſue- 


rit prope viſum, & ipſe com- 
prehenderit quantitatem ejus: 


E poſtea fuerit elongata a vi- 
Tu non multùm: non dimi- 


nuetur ejus quantitas apud vi- 
ſum, quando ejus remotio 
fuerit mediocris . non 
comprehendit viſus rem viſam 
in remotione duorum cubito- 


rum, minorem, quam in re- 
motione unius cubiti. Et 4- 
militer ſi elongetur à viſu per 


tres cubitos aut quatuor, non 
videbitur minor, quamvis an- 
guli, qui fiunt apud viſum, 


di verſentur diverſitate extra- 


nea. Opt. Lib. 2. n. 36. 


(bd 
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with his hand before his ſight a great part of 4 
diſtant wall, or of the ſky, and then upon the re”. 
moval of his hand obſerve the idea raiſed in his. 
mind from that part of the wall or ſky, Which 
his hand before covered, he will perceive his 
imagination to be affected in no degree with the 
impreſſion of his hand being of a like apparent 
magnitude with that part of the wall or ſky, it 
covered (a), This is ſo diſtinctly explained by 
this author, and fo generally followed (5), that 
| Herigone has ſet it down as an optical axiom, 

Quæ ſub eodem angulo videntur, quæ lon- 

„ gius putantur abeſſe, majora apparent (c).“ 


T is point therefore having been fo generally 
received, I think Mr. Profeſſor's fellow-writer 
migl have ſpared himſelf the trouble of his 
long diſſertation in ſupport of this opinion (dy); 

Which can only ſerve to perſuade the world, that 
theſe gentlemen had but juſt come to the know-_ 
| ledge of fo common a principle. 


Wurd Alhazen has expreſſed himſelf fo diſ- 
tinctly upon this ſubject, as we have ſeen, it is a 
ſtrange aſſertion of Tacquer, that every one of 
the ancient writers upon opticks ſuppoſed the vi- 
ſual angle alone to determine the apparent mag- 

N 5 „ e 


(a) Ibid. n. 38. of the axiom. Ut luna, 
(8) See Vitell. L. 4. R quamvis in horizonte & 
27. Peckham Perſpec. L. 1, medio cœli, ſub eodem an- 
prop. 64. Bacon Perſp. Diſtinct. * gulo cernatur, major ta- 
SSL. mmmen in horizonte quam in 
(e) Curſus Math. Tom 5. medio cali apparet ; quod 
pag. 15. This author con- ejus diſtantia in horizonte 
ceived fo little difficulty in “major exiſtimetur propter 
the appearance of the hori- interjecta corpora.” 
Zontal moon, that ſhe produ- (4) Art. 171. of the Remarks. 
ces it as an indubitable prook 3 


— 


_—. 
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vitude (a). But this author can be of no account 
in this matter; ſince he had ſo little conſidered 
the operation of the eye, as to ſubſcribe to the 
abſurd aſſertion already mentioned of Gaſſendus, 
that the axes of both eyes are never directed to 
the ſame object (b). 


Aguilonius, chough he adopts the ſame fem: 


of expreſſion, yet by better conſidering the ſub- 


ject found himſelf obliged to acknowledge, that 


the eye does in fact eſtimate the magnitude of 
objects by comparing the viſual angle with their 


dittance : Vim oculis natura conceſſit, qua 


e ſimul rei diſtantiam percipiant, atque ex cjus 
cCollatione cum angulo pyramidis opticæ, ve- 
ram magnitudinem quam proxime dignoſcant. 
I Manifeſte enim deprehendimuserrores omnes, 
qui in magnitudinis perceptionem irrepunt, 
ex diſtantiæ ignoratione originem ducere (c)“ 
And he afterwards qualified the aſſertion, that 


thoſe things, which appear under the ſame angle, 


are judged equa], and thoſe, which appear un- 


der the greater angle, greater, by limiting it to 


the caſe, when the difterence es diſtance 1s not 
1 taken cognizance of (0. i 


Wy AT v Aguilonius has mentioned of the er- 


rors we fall i into in relation to the apparent mag- 


nitude 


00 Qoæ ſub =quali WTR (e) Opus L. 3. Prop. 11. 


5 1 apparent æqualia * 
quæ ſub majori, majora ; mi- 
nora ſub minori; & qualis eſt 
angulorum opticorum, talis eſt 

& magnitudinum apparenti- 
um proportio. Id veteres op- 


tici ad unum omnes ax iomatis 
loco habuere. Opt. Lib. 1. 


rop. 3. 3 
f 6 Ibid. prop. 2. 


(4) Proe. X. | 
Majoribus ſpectata angulis 
majora, minora minoribus, 


æqualibus æqualia videntur. 


In hac propoſitione ſubin- 
telligendum eſſe, ut ratio diſ- 
paris intervalli, quo magnitu- 
dines ab aſpectu diſtant, pe- 
nitus ignoretur. Opt. Lib. 4. 
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nitude of objects being cauſed by a wrong judg- 
ment of their diſtance, Alhazen has particularly 
inſiſted on, when amongſt the ſeveral caules of er- 
rors in viſion, he ſets down one to be great dil- 
tance, and ſhews, that from thence will ariſe 
an error in our judging, both of the inter- 
val between diltant bodies, and alſo of their mag- 
nitude (a). VVV N 


Ir is this error in our judgment of diſtance, 
which cauſes parallel lines to ſeem converging, and 
the like deceptions, which in the optical treatiſe 
aſcribed to Euclide, and by our author are re- 
ferred to the mere decreaſe of the angle. Trees 
are ſometimes planted ſo as to appear in one 

point of view, as parallel. But in theſe the an- 
gles ſubtending their diſtances continually dimi- 
niſh, as theſe diſtances are farther removed from 
the ſight, though not ſo much, as when the trees 
are really parallel. If the angle only determin- 
ed it, trees, which extended in two lines from 
the point of view, muſt be ſeen as parallel. 


Bur now to ſum up the reſult of this diſqui- 
ſition concerning the apparent magnitude of ob- 
jects; as we have ſhewn the concurrent opinion 
of all the beſt writers to be, that it is connected 

with our ideas of their diſtance; ſo this gentle- 
man has not only admitted as much in many 
objects viewed by the naked eye; but alſo in 
terreſtrial objects ſeen through teleſcopes (2), 

that the object does not ſtrike the beholder with 
the appearance of its magnitude being increaſed 
as much as the angle, under which it is ſeen, be- 
cauſe it is thought nearer. And this is certainly 
the true cauſe of the appearance. But I am very 
3 CC OE Ei 
(a) Optic. Lib. 3. n. 52. (6) Remarks Art. 243. 
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much ſurprized to ſee it affirmed, that, what ſs 
here ſaid, expreſſes the true ſenſe of his defini- 
tion of apparent magnitude given in the 98th Ar- 
ticle of his book, where it is aſſerted, that the 
greater viſual angle not only cauſes a larger pic- 
ture of the obje&t on the bottom of the eye '; 


but that this picture being larger or ſmaller cauſes 


a ſenſation of a greater or ſmaller viſible ex 
tenſion. 


I ſhort, wh has 3 Mr. Profeffor 


is this, that the apparent magnitude of very diſ- 


tant objects is neither determined by the magni- 
tude of the angle only, under which they are 


ſeen, nor is in the exact proportion of that angle 
compared with their true diſtance, but is com- 
pounded allo with a deception concerning that 
diſtance; inſomuch that if we had no idea of dif- 


ference in the diſtance of objects, each would ap- 
pear in magnitude proportional to the angle, un- 


der which it was ſcen; and if our apprehenſion 
of the diſtance was always juſt, our idea of their 
magnitude would be in all diftances unvaried : 

but in proportion as we err in our conception 
of their diſtance, the greater angle ſuggeſts a 


greater magnitude. Our author not being appri- 


zed of this compound effect, has ſometimes ex- 


7 plained the apparent magnitude by the viſual 
angle only, at other times by that angle compa- 


red with the diſtance, and by that means be- 


comes thus inconſiſtent with himſelf. 


HowzvER Hin: this 1 incon- 
ſiſtency, the method he has taken to determine 
the place of images made by reflection or refrac- 
tion * n the W ens of the angle, 
under 
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under Which they are ſeen (a) ), is certainly erro- 


neous. For not to mention other examples to 
the contrary, when the inverted image made b 


reflection from a convex lens appears Jeſs than 

the erect image; though the inverted image 
ſeems neareſt, yet it not only looks leſs to the 

| ſenſe, but allo in reality ſubtends a ſmaller angle, 

as may be exiily proved by bringing one. of the 


5 _—_ over the other. 


I BELIEVE, 41 need not apologize for the 
5 length of my remarks upon this point, becauſe 
it relates to a principle, that extends itſelf through- 


cout this whole work, and in which Mr. Profeflor 3 
triumphs as a great diſcovery i in opticks unknown 


even to Sir Iſaac Newton or Mr. Cotes (0. But 
I ſhall now conclude this head with one ſhort re- 


mark upon, what he has ſaid concerning the 1 in- | 
ventors of the teleſcopes. For, as he has promi 
| fed us the hiſtorical, as well as the other parts of 


the ſubject, this account would have been leſs 
deficient, if beſides the tranſlation of Huygens's 
hiſtory of the invention, and the deſcant he has 


made upon Mr. Molyneux's claim in behalf of 
Roger Bacon, he had taken notice of the preten - 


ſions of another of our countrymen Leonard 


Digges Eſquire. For if Roger Bacon had ne- 


ver compounded glaſſes together, it is certain, 


this gentleman had. For he expreſly ſays in the 


21ſt chapter of the firſt book of his Pantometria, 
publiſned by his ſon Thomas Digges Eſquire in 


1571, © Marvellous are the concluſions that may 


be performed by glaſſes concave and convex 


of circulare and parabolicall formes, uſing for 
* multiplication of beames ſometime the aid of 


© glaſtes tranſparent, which by fraction ſhould 


„ unite 


e Artic, 139. 05 Remarks An. 10. 465, 494. 536 
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c unite or diſſipate the images or figures preſen- 
ted by the reflection of other. By theſe kinde 
«« of glaſſes or rather frames of them, Se.“ 
Whoever reads the whole chapter, I think, can 
ſcarce doubt, but the author had ſeen in ſome 
meaſure the effects of viewing an object made by 


reflection ſrom concave or convex ſurfaces 


through a lenticular glaſs. 


Howzvrx, if Roger Bacon were quite igno- : 
rant of the teleſcope, yet I cannot agree, that the 
_ uſe of glaſſes of ſmall convexity for the relief of 
the ſight decayed by age was ſo very imperfect- 
3 known by him, as this gentleman ſuppoſes (a) 1 
for the more deficient or erroneous his theory is, 
the leſs probable 1 is it, he ſhould make ſuch an 
aſſertion in terms ſo expreſs (hoc inſtrumentum _ 
eſt utile ſenibus”) if he had not ſeen the effect. 
The curſory manner, in which this is mention- 
ed, perſuades me, it was not an invention of his 
"own ; but I cannot conceive, how he ſhould 
have aid it ſo directly, if this uſe of glaſſes had 
not at that time begun to be in practice; eſpecially | 
in a chapter, which profeſſes to exhibit examples 


of the doctrine before laid down, Mr. Profeſfor*s 
opinion, that the fryar had here only in his thoughts 


a plano-convex glaſs with the flat ſide laid imme- 
diately upon the object, I cannot ſubſcribe to. 
Not to examine into the criticiſm on the word 
ſuppoſitiꝰ, the conſequence drawn from Roger 
| Bacon's conſidering in his reaſoning only the re- 
traction of one ſurface i is, I think, certainly in- 
valid: for by the ſame argument one might con- 
_ clude, that teleſcopes are now moſt uſually made 
with a plano-convex object-glaſs ; becauſe Dr. 
Smith has determined the relation of their lengths 
to 
oy, Remarks Art. 88. 8 
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to their apertures, charges, and power of mag- 


nifying upon that ſuppoſition (a). Certainly 
ſince Mr. Profeſſor in ſo ample a treatiſe has 


thought fit to conclude theſe points from the 
calle; "where one retraction only takes place; 
though the object-glaſſes of thoſe inſtruments in 
So their « common fabrick have two ſurfaces, which 
refract; why may we not ſuppoſe this old wri- 
ter in that very imperfect ſtate of the ſcience - 
to have taken the like liberty. 


IN what relates to the ohiloſophical theory 


| of light, this gentleman has had the caution to 


{et down Sir Iſaac Newton's diſcoveries for the 


moſt part in his own words (6) ; but has en- 
tirely omitted all, that he has eſtabliſhed in his 

| ſecond book of Optics concerning the cauſe, why 
ſome part of the light is tranſmitted, and ſome 


part reflected at every pellucid ſubſtance. Now 


as this ſpeculation is the ſtrongeſt inſtance of the 
wondrous capacity of that great man in unravel- 
ling the moſt intricate and diſguiſed operations 
of nature, and eſtabliſhes at the ſame time ſuch 5 
a ſeries of properties belonging to light, as give 
us no ſmall reaſon to hope, that by diligently fol- 
| lowing the clue, he has here put into our hands, 


ſtill greater ſecrets of nature may one day be - 


brought to view; Mr. Profeſſor ought not to 
have paſſed over fo important and complicated 
a a ſubject by a bare hypotheſis, that the paſſage 

of a ray of light at a ſurface, where it is reflect- 


ed, is in a curve with one point only of con- 


trary flection at the very ſurface (c) For if the 


light is inflected in its paſſage near the edges of 


bodies by the ſame principle, as it is reflected and 


refracted, and the alternate returns of eaſy re- 
K flection 


(a) B. 2. chap. 6. & 7. (cc) Article 191. 
0%) B. 1. chap. 6. 7, 8. 


66 REMARKS 

flection and eaſy tranſmiſſion will give the light 
in its paſſage by thoſe edges ſo many different 
hendings as to form three or even more viſible. 
fimbriz to the ſhadows of bodies, why may not 
the fame alternate diſpoſitions at refracting ſur- 


faces produce in the light a more compound 
motion? 


IN the remarks upon the cauſe of refraction 
and reflection, ſince Mr, Profeſſor thought pro- 
per to explain the hypotheſis of Leibnitz (a) 
more at large than any other, it would not have 
been amiſs for him to have aſcribed it to its true 
author, Mon ſ. Fermat (5), nor would it, I be- 
lieve, have difpleaſed a geometrical reader in ſo 
large a work, containing ſo many collections, to 
have ſcen Huygens' s molt elegant demonſtration : 
fron! his treatiſe of light 0 


I SH AI L now proceed to conſider the 2d 
| book of this treatiſe, in which we may diſcovet 
perhaps one cauſe of Mr, Profeſſor's falling in- 
to the abovementioned miftakes. For here, 1 
think, appears throughout that inexpertneſs in 

_ demonſtration, which ſhews him to have been 
too little converſant in the writings of the beft 
geometers. Of this we might have before taken 
notice of ſome examples. For inſtance, in ar- 
ticle 157 it is faid, that the apparent magnitude 
ot a given line . B teen very obliquely at a gi- 


_ }. 


(a) Article „435 (c) Traits de a Lumiere | 
(s) See Varia LG Math. chap. 3- P. 40. 
_ Pet. Ferns Pag - 1 156, &c. | 


which it ſub- 
tends at the eye 
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ven diſtance OA 


(meaning the 0 
ane ADS: +. 


in O) increaſes 
and decreaſes in 


9 proportion to 


the increaſe or decreaſe of OP, the perpendicu- 
lar diftance of the eye from the line AB produ- 


ced; provided that the diſtance AO be very 
large in compariſon to AB. But though this aſ- 
ſertion may be admitted, his proof is not to be 


juſtified, Firſt, he fays, if the ray BO cut a 


line AC perpendicular to AB in C, while the 
eye is raiſed or depreſſed in the perpendicular 
OP, the line AC will increaſe and decreaſe, as 
O does: whereas this is falſe; for AC is to 

OP as BA to BP, which is not a given propor- 


tion, ſince neither BP nor AP are given, but 


AO. Again the angle AOB does not fo pro 


perly vary in the fame proportion with the ne 


AC, as with a line let fall from A perpendicular 


on OB, or from B perpendicular on OA; and it 
is this perpendicular BZ, which is in a given 


ratio to OP, BZ being to OP as AB to A0. 
From this wrong turn given to the demonſtra- 
tion he was obliged to put an unneceſſary re- 


ſtriction upon the propoſition; for it is equally 
true, when the diſtance AO bears a very great 
proportion to AB, whether AB be ſeen with a 


| great or ſmall degree of dee. 


Bur in the ſecond book we find n 


proofs of this unskilfulneſs in regard to geome- 


trical demonſtrations. Hence his complaint a- 


gainſt the great Huygens's demonſtrations for 


K 2 being 
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being tedious, intricate and embarafſ] ing to the 
reader, by what he is pleaſed to call formal com- 
poſitions and reſolutions of ratios (a), the inartifſi- 
cial method of marking the ſame points with 
different letters %), demonſtrating by folding up 
the paper (c), grounding his demonſtrations (4) 


concerning cauftics upon the deſcription of them 


in the popular part of his treatiſe, where eye- 
fight is appealed to for the light being conden- 
fed at them, the unuſual phraſes of proportion- 
able, middle proportional, conjointly to ſignify 
cvery method of adding the terms of propor- 
tionals, and disjointly both for diviſion, conver- 
ſion, and taking the difference of the antecedents 
and of the conſequents. To the ſame cauſe was ow- 


ing the great inaccuracy, with which he expreſſed 


himſelf in relation to what he calls the center of 
a lens. This likewiſe could be the only reaſon, 
which ſhould induce him to take refuge in alge- 
braical calculations (e), in a caſe, whole demon- 
{tration is no more than this. XY being to _ 
as AP ͤ to PT, and Xr to XY as TP to PS, b y 
equality Xr is to TX as AP to PB, and by 
compoſition IT to TX as Ag to BP, or as BB x A 
10 ah x BP. Again TF being to Fr as APG to 
P3g, by converſion TF is to Tr as APq to 
AP x 6B. Therefore Tr being to TX as AB x EB 
to PB x GB, by equality TF is to TX as APq to 
PB KGB. Conſequently TX is greateſt, when 
the rectangle under PSB is greateſt, that is, 
when it is equal to one fourth of the ſquare of 
PB or AP, and then, ſince TF 1s to TX as A Pg 
to PSN GB, TX will be equal to a fourth of TF, 
and XL equal to one fourth of FG. 
ITY 
) Remarks, Art. 421,47. (4) Art. 329. 
(6) LY 440 & 4433. Art. 236. 
(e Art. 214. 2 
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Ou author ſeems himſelf conſcious of this 
imperfection, when he takes advantage from 
his ſubject to expreſs the lemma, whereon Sic 
Iſaac Newton builds his demonſtrations by prime 
and ultimate ratios in ſuch terms, as he thinks, 
may be allowed in a phyſical ſubject, but in a 
demonſtration purely mathematical have certain- 
ly no meaning. For, when it is ſaid, that 


quantities and their proportions, which fo ap- 


proach to a ſtate of equality as to become equal 
at laſt, may be taken for equal in a ſtate immedi- 
_ ately preceding the laſt, were he aſked to explain, 
what that ſtate is, which can be underſtood im- 
mediately to precede the laſt in any ſubject of 
geometrical demonſtration, it were impoſſible to 
make ſenſe of the queſtion. Nay, ſo apprehen- 
ſive is he of a defect in his geometrical reatoning, 
that he even refers to computation (a method, he 


has in another place (a) cenſur ed) ans additio. 


nal confirmation (d). 


Bo T beſides ſuch 8 we find ſeve- 


ral direct errors. 


The fourth chapter bas affixed 


to it a very pompous title, though it contains no 
more than two propoſitions, and thoſe relating 


to the very eaſieſt caſes. 


(a) Remarks Art. 421. 


_ (6) The whole lemma runs 
* Quantities and their 


thus, 
proportions, Which ſo ap- 
«« proach to a ſtate of equality 
as to become equal at laſt, 


may be taken for equal i in a 
* ſtate immediately preced- 


<«« ing the laſt; and alſo in 


a flate ſomew hat remote 


The ſecond of which 
gives 


« from the laſt without ſen- 
e ſible error in phyſical ſub- 

« jects : and the ſame may be 
« ſaid of figures which conti- 


_ *© nually approach to a ſtate off 
* ſimilitude ; eſpecially if 


© theſe errors, when compu- 
* ted, are found inconſider- 
* able. Art. 204. 
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gives only an approximation except in the ſphere. 
The firſt is ſcarce true in any kind of object be- 


ſidles a planc or curve line parallel to the refracting 


{urface. It is here only proved, that the diſtances 
of any intermediate point of a ſtreight line from 


the extremes are in the ſame proportion in the 


image, as jn the original. But ſtreight lines are 


ncver in geometry faid to be fimilar, becauſe 
they are proportionally divided. If this term 
is to be applied to the right line, it muſt be ſaid 


without reſtriction, that all ſtreight lines are ſi- 


milar. In every other abject not parallel to the 
refracting ſurface, the propoſition is directly 


talſe, If the object were the arch of a circle in 


any plane not parallel to the plane of refraction, 
its image, as here aſſigned, would be elliptical. 
It is allo falſe in every plane object, not parallel 
to the refracting ſurface ; and much more fo 


in every folid object 


INDEED the demonſtrations in the firſt chap- 


ter of the foci, beſides the imperfection of the 
Principle, upon which they are grounded, are 
on another account alſo inconclufive. As Dr. 
| Barrow has ſearched with much more exactneſs 
than any, who had gone before him, into the 


place, where rays are collected by reflection or 


refraction, and where the images of objects form- 


ed by this means are ſeen ; ſo his exact inquiry 


into the line, in which each ray paſſes, and in 


what degree they condenſe together in every Cir- 


cumſtance drawing out his diſquiſition into ſome 
length, others have endeavoured to give a more 
conciſe, though leſs perfect idea of this ſubject. 
For this purpoſe, in particular, Dr. Gregory in 


his Elements of Opticks has by a method of de- 
monſtration ſimilar to that of our author conten- 


ted 


BFE upon the line EC 
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ted himſelf with ſhewing, whereabouts thoſe 
rays would croſs the axis of a reflecting or re- 
fracting ſpherical ſurface, which would enter 
the eye placed in that axis; and thus far his 
demonſtration may be admitted as juſt. But 
our author having uſed the fame method to 
aſſign the place of the focus independent of the 
eye; his demonſtrations are by no means fo free 
from exception. For in the firſt part of his 
work (a), he has always repreſented as neceſſary 


to conſtitute a focus, that the rays be in that 


place condenſed together ; but his form of de- 
monſtrating may be applied to caſes, where 
there is no condenſation of rays. For example, 
if rays parallel to the 

baſe of the cycloide BAC 
generated by the revo- - 
lution of the ſemicircle 


be reflected, as the ray | _ 
Da is reflected into Ag, 


as the point of incidence 


A approaches towards C, E 
the lines Eg, EC continu = —x—o 
ally approach toward equality, and become equal, 
 _ when the diſtance DE vaniſhes; yet here is no con- 
denſation of the rays on the axis at the point C; 
| becauſe the intervals between the points g apper- 
taining to equidiſtant rays increaſe, while DA 
approaches EC. This is evident, becauſe Ag 


1 is parallel to FG, the tangent to the ſemicircle 
BFE at the point F, where the rays interſect that 


ſemicircle, and Cg is equal to the exceſs of the 


arch EF above the tangent, . 


(a) Book 1. chap. 2. 


point A are refſe. 
ted by the ſurface ly 


ſtic DE, all the 
rays in the pencil 
BAC will be 


ſpread through the 


FG, f uppoling F 
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Ax TIC 468 contains a falſe concluſion 
from the preceding principles. For the denſity 


of the light, which is proportional to its heat 
or warmth, is to be eſtimated by a perpendi- 
_ cular ſection of the reflected rays, and to be 


determined by the aberration of the rays from 
the point of contact at the cauſtic after this 


manner. 


A rays diverg- 
ing from any 


BC into the cau- 


part of the caultic 


and G to be the 
points, in which 
the reflected rays 


BH and CH touch A 
the cauſtic. Here 


the denſity of the light upon the cauſtic muſt not 
be meaſured by the magnitude of FG, but by a 


perpendicular ſection of thoſe rays, where they 
ate moſt condenſed. Thus if HI be drawn 
from H perpendicular to the curve, every ray 
of the 1 BAC will paſs through that line 
131 


his line then will nearly repreſent the 


magnitude of a perpendicular ſection of thoſe 

rays at I; and therefore if two pencils proceed- 
ing from A are taken ſo that the quantity of 
light, or, which is the ſame, that the angles made 
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by the extream rays may be equal in each, the 
denſities of the light at the middle of the parts 
of the cauſtic formed by each pencil will be re- 
ciprocally as the line IH in each. But IH is ul- 
timately the chord of +» the angle BHC to the 
radius GH or GI. The denlity then eſtimated 

by this means will be reciprocally as GT, or its 
double GF compounded with the reciprocal of 
the angle BHC. - e 


_ Hence it follows, that when to equal angles 
made by the incident rays at A unequal angles 


are made by the reflected rays at H, the denſity 


of the rays will not be juſtly eſtimated by the 
reciprocal of the part FG of the cauſtic included 


between the reflected or refracted rays. For in- 


ſtance, though in our author's caſe, at art. 465. 
when the rays reflected by a circle iſſue from a 
point in its circumference the denſity of the light 
in the ſuperficial cauſtic, which is proportional 
to its heat, is, as this gentleman has computed, 
reciprocally as H x HI : yet in his 467th art. 


wWwjhen the rays are parallel, this denſity is not in 


the ſimple ratio of BD directly and the tripli- 
cate of CD inverſly, as he has determined; but 
in the duplicate ratio of DB directly and in the 

triplicate of CD inverſly. %% Fe 


WHEREAS this gentleman profeſſes to have 
rendered the doctrine of the rainbow more gene- 
ral, than it has been yet handled ; all that he 


has added to what Dr. Halley had in the Phi- 


loſophical Tranſactions Num. 267. already done 
upon that ſubject, is the applying to the com- 
putation of the inverſe problem a general theo- 
rem of Mr. John Bernoulli publiſhed in the 
Acta Eruditorum (a), * finding from the tan- 


3 . gent 
(a) Ann. 1722. Menſ. Jul. 


the other, and 
ROD their ſum 


Draw OZ 15 
pendicular to AO, 
then the angle 
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| gent of an arch the tangent of any multiple Ty 


of that arch. The lemma in article 508, 
from which this general theorem 1s deduced, 
ſhould have been 
thus demonſtra- 
ted. If ROA be 
one angle, ROB 


or difference. 


ROZ is equal to the — RAO, and there- 


fore the angle ROB being equal to the angle 
AO, that under RDO is equal to that under 


BOZ; whence as DZ to OZ ſo is OZ to BZ, 
but as OZ to ZR ſois AZ to OZ, ſo that by 


equality, as DZ to RE, ſo is AZ to BZ, and by 
diviſion as DR to RZ ſo is AB to BZ, or by 
permutation DR is to AB as RZ to BZ or as 


RZ x AR to BZ x AR, that is, as ORę to ORę 
AR x RB, when AB is the ſum of the given 


tangents and RD the tangent of the ſum of the 
arches, but as ROq to RO9q+AR x RB, when 


AB is the difference between the given tangents, 


and RD the tangent of the difference = the ; 
arches. 


Tur propoſition contained in article 602 is 
not univerſally true, but fails, whenever the 
curvature at the vertex of any one of the curves 
cannot be compared with that of the circle, For 


in- 
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inſtance, in the cy- 
cloide ABC, when 


any ray parallel to 
the baſe AB is re- 


flected at 8, Bo, the f [ | 
2 TILE 


aberration from B, 8 bets 
is equal to thearcch 0 3 
AD leſſened by the Be? e 3 


tangent DH orHA, . 
and BZ is equal to AD—DI ; but AD—AII 
bears not ultimately a finite proportion to 
AD DI. And hence the corollary in article 


{ 603 is not true, when one or more of the ſur- 


faces are cycloides or Curves of the like cur va- 


* ture. 


Bur the firſt cropoſition of this chapter is 
both defective and erroneous upon the author's 
own principles. The place of the image cannot 
be determined, as is here required, till it be 
ſhewn how to find the line, in which it is ſeen, 
that is, how to aſſign the reflected or refracted 
ray, which ſhall enter the eye. But of this our 
author has been abſolutely ſilent. The problem 
is indeed in moſt caſes too complex to admit of 
a ſimple and elegant ſolution z; but this is no 
excuſe, why in a treatiſe promis'd to be com- 
pleat, no notice ſhould be taken at leaſt of 
what had been done by others in this particular. 
Alhazen's problem to find the ray, which iſſuing 


from a given point ſhould be reflected by a ſphe- 


rical ſurface to the eye in any given poſition, was 
thought worthy to exerciſe the invention of two 
of the principal mathematicians of the laſt age. 

The hyperbola, by which Huygens folved the 
problem, eſpecially as determined by Sluſius in 

the Philoſophical Sonar” Ne. 98. admits 
L 2 ot 
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ofa very conciſe demonſtration. Suppoſe a ſphe- - 
rical Jurface IK, | 


whoſe center is C X 
and A to bea point, 3 
whence the ray pro- 

ech, and the 
eye. AC and BC 
being joined, and 
AC x EC likewiſe. 
BCM CF: made e- 
qual to the ſquare of 
the ſemidiameter, 
and EF drawn and 
continued; if an e- 
quilatera! hyperbola 
FM be deſcribed to 
the diameter EF, 


whoſe ordinates ſhall be parallel to AB, the ray. 
which paſſing from A falls on the ſurface in the 


point D. where this hyperbola interſects the 


ſurface within the angle ACB, ſhall be reflected 
to the eye at B. Draw DHG paralle] ro AB, 


then by the hyperbola EG is to GD as GD to 2 


GF, ſo that the triangles EGD, DGF will be 
ſimilar, and the angle DEG equal to the angle 
FDG. Again, AC x CE and BCM CF are e- 


qual; therefore. AC is to ( n H | 


the triangles ACB, FCE are fimilar and the 
angle CEF equal to ABC or DHF. Conſe- 

_ euently the angles DEG, FDH being alſo 
equal, the angles DEC and DFC will be 
equal. Butif CD be drawn, AC is to CD as 
CD to CE; therefore the angle ADC is equal 
to DEC. For the ſame reaſon the angle BDC 
is equal to DFC; conſequently the angles ADC, 


BDO are equal; and fo the ray AD will be re- 
Rocko to B. 


10 
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Ix the oppoſite hyperbola be deſcribed, it 


-. will paſs through the point C ; ; and where it 
cuts the ſpherical ſurface within the angle made 


by AC and BC continued will give the point in 
the concave ſurface, whence the ray from A will 


be reflected to B. 


N E1 TH ER ought Dr. Bind 8 excellent folks 


tion given in his Optical Lectures (a) of the pro- 


blem in plane refracting ſurfaces to have been o- 


mitted; eſpecially ſince it admits of an improve- 
ment from his Geometrical Lectures (5). 


B v farther in this propoſition, what relates 


to the viſible place of the image is inconſiſtent 
with Mr, Profeſſor's general doctrine. For ex- 


FS if the object 0 a part of the line 

| QP, it is here determined, that Qx being 
drawn parallel to OP to meet the reflected or 
refracted ray, in which the point Q is ſeen, and 


* drawn likewiſe parallel to O P, till it mect 


the like ray in x; then the object Qꝗ will be 
| ſeen as extended from x tox; but the general 
Precept was, that the object apprars in that place, 
1Vvbere it would fill the angle, under which it is 
ſeen; whereas here the diſtance X * is greater 


than Qg. 


. 
0% Les r (b Lea. G. 52. 
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WE have now gone through the two firſt 


books of this treatiſe, which are intended to com- 
prehend as much of the ſubject, as is the proper 
object of mathematicks. In the next book, 
which promites the mechanical part, to mode- 
rate our expectations the author ſets out with 
informing us, that he had himſelf no skill in 
what relates to the figuring, grinding and poliſh- 
ing ot glaſſes; and therefore has contented him 
ſelf with giving us what collection he could ga- 
ther from others. Thus there i is no account of 
the common methods made uſe of; but only a 


particular artifice invented by Huygens, as bet- 


ter ſuited than the uſual ways of working, to the 
formation of glaſſes for teleſcopes of an extra- 
ordinary length. But I ſhall take leave to ob- 
ſerve upon this part of the work, that as our 
author profeſſes to deliver the hiſtory and pro- 


greſs of the ſubjects, he has handled ; in the de- 


ſcriptions of the aſtronomical inftruments, which 
he has here inſerted, he ſhould not have ſubſcri- 
bed to the vulgar miſtake, that the method of 
graduation uſed in theſe inſtruments was the in- 
vention of Petrus Nonius (a). For his method 
of diviſion, which he explains at large in his 


very curious treatiſe de Crepuſculis 9 printed 
at Lisbon in 1542, is widely different. It con- 


fiſts in deſcribing within the fame quadrant 45 
concentric arches, dividing the outermoſt into 


90 equal parts, the next within into 89, the next _ 


into 88, and ſo on till the innermoſt was divi- 


ded into 46 only. By this means, in moſt obſer - 


vations, the plum line or index muſt croſs one 
or other of thoſe circles very near a point of di- 


8 5 viſion, 8 
{a) Art. 861. 0 Part. 2, prop. 3. 


' perſuade himſelf, that it was *© ifle, 
not unknown to Ptolemy, * tropicos 44 continebat. 
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viſion. Whence by computation the degrees 
and minutes of the arch might eaſily be coun- 


ted (a). An example of this 1 very method 1s to. 


be ſeen in the firſt figure of Tycho Brahe's Aſtro- 


nomie Inſtauratæ Mechanica, printed in 1597. 
But as this divides the degrees very unequally, 
and is alſo very difficult to execute with exact- 
neſs, eſpecially when the numbers, into which 


the arches are to be divided, are incompoſite, of 


which there are no leis than nine; though Ty- 
cho in his ſecond inſtrument endeavoured to 
leſſen the latter difficulty by the uſe of other 
numbers; yet to that inſtrument he alſo added 
diagonals, which he ſo much preferred, that at 
| length he left Nonius's way quite off (b), and 
uſed only diagonals in his mural Arch and the : 


- reſt of his inſtruments. 


Turs method of diagonals was firſt pub- 


liſhed by Thomas Digges Eſquire, in an in- 


genious treatiſe of his entitled Alæ ſeu Scale 
Mathematicz, printed at London in 1573, oc- 


; caſioned by the memorable new ſtar, which had 


Them; 
(a) This Amide Manie like- © 0 hen ad: 11. Conſtat igitur 


wiſe 20 years afterwards de- aliquem quadrantem intra 
ſcribes briefly in his excellent * ambitum inſtrumenti de- 


treatiſe de Arte atque Ratione ** ſcriptum, in ipſos 83 æqua- 
| Navigandi, where he would * les partes deſtributum tu- 


quarum arcus inter 


_ Laying, Ita enim exifti- © Neque enim tanta fuit il- 


mo Claudium Ptolemæum © lius inſtrumenti quo Pto- 


feciſſe. Nam fi maximam © lemæus utebatur magnitu 
_ « ſolis declinattonem idcir- do, ut in eo prima que 


co (ait) reperiſſe partium “ ſecunda minuta notari 8 


23. m. 51. ſe. 20. quia ea * ſent.” Lib. 2. Cap. 6 


proportio inventa fuiſſet (5) De Cometa Ann. 1577 
d totius circuli ad arcum in- fag 461. 19 


| ter tropicos quam 83 ha- 


ak 8 
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then nelly appeared j in Caſſiopca, on which he 


made his obſervations by a foreſtaff thus divided. 


But he acknowledges, it was not a diſcovery of 
his own, having been long practiſed in Eng- 


land; and, as he had been informed, was the 
invention of one Richard Chanſeler a moſt ſkilful. 


artiſt (a). Tycho, in that part of his Progymnaſ- | 


mata, which treats of the ſame ſtar, takes notice 


of this paſſage of Mr. Dig 


ges, and affirms, when 


he ſtudied at Lipſick, he uſed ſuch an inſtrument 
divided after this manner, which was communica- 
ted to him from one Homelius, a famous mathe- 


matician of that place (5). This was about 1565 ; 


(a) —< libere Hae illam 
*« partiendi radium in pluri- 
mas ſenſibiles partes ratio- 
ee nem a me inventam non 
_«< fuifle, ſed diu hic in An- 
_ «glia a plurimis peritiſſi- 
mis mathematicis uſurpa- 
<< tam, Primus tamen qui ea 


diviſionum ratione uſus eſt, 


Rus, peritiſſimus & inge- 


4 nioſiſſimus artifex mathe- 
maticus, cujus nomen eo li- 


« bentins publicare decrevi, 


gquoòd jam e vita diſceſſerit, 
0 neque monumentum ſua 


«© rum virtutum ullum publi- 


cum reliquit, præter inſtru- 


* menta quædam ſumma arte 
<< fabricata, & dulciſſimam 
<< ſuæ ſingularis peritiæ (in 
% nonnullorum mathemati- 


corum adhuc ſuperſtitum _ 
animis) memoriam.“ Ca- 


po. 9: 


for in a letter written to Rothman in 1 1537, he : 
; ays, he was then 17 years of age (0). 


Bur 
5 <« Ego certè multo ab- 


< hinc tempore, videlicet an- 
nis plus minus 28, cum 
< Lipfiz ſtudiis incumberem, 


_ © gjuicemodi partitionem ra- 
dii in uſu habebam, ex cla- 


© rifſimi mathematici Home- 
«© 11 officina, beneticio Bar- 


_ © tholomei Schulteti, qui illi 

<6 quemadmodum ex odica 
_ *« accep1, quidam fuit nomine 
% RICHAR DUS CRANSLE- 


% inſervierat, mihi communi- 


« catam. Unde autem Ho- 


5% melius hanc hauſerit, aut 
<< an ipſemet eam adinvene- 


CO rit, apud me incertum eſt. 


** Sit cujuſcunque velit, inge- _ 
t nioſa certè & apprime utilis 
eſt deſtributio, quam & ego 


* poſtea arcualibus graduum 


4 {ubdivifionibusin quadran- ; 


A tibus, ſextantibus & armil- 


lis non inconcinn? aut 


08 infrugefere applicui.” pag. 
671. 


; 1 Epiſt. Aſtronomic. pag: | 
2. 
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Bur Jacobus Curtius Vice-Chancellor of the 
Empire, improv'd at different times the diviſion 

by concentric circles. At firſt, after deſcribing 
within the limb of thequadrant a number of ſuch 


circles, he extended the firſt to 91 degrees, the ſe- 


cond to 92, the third to 93, and fo on; and then 
divided each of theſe into go equal parts. This, 
when he was the Imperial Miniſter at Rome, 
he communicated to Clavius, who publiſhed it 
there An. 1586,1n a treatiſe where he defcribes an 


— — — — 
— 1 __—_— 


inſtrument for delineating of dials (a); and Cla- 3 


vius himſelf propoſes a variation in this method 
by deſcribing 39 ſuch concentric circles within 
the limb of the quadrant, continuing the ſecond 
of theſe to 91 degrees, the third to 92 and ſo 


on, till the 39th extended to 128 degrees. Each 


of theſe circles he divided into 128 equal Pee, 
which is performed by the ſimple method of 
biſection (5). But a calculation is neceſſary, or 
at leaſt a table ready computed, for knowing 
the degrees and minutes which anſwer to the di- 
viſions of the ſeveral circles in both theſe me- 
thods; and Curtius made a ſecond. improve- 


: ment, which required no "ſuch computation. 


: Tar s he ſent hat I 590 both to Clavius 


and Tycho, which the firſt publiſhed in his book 
of the Aftrolabe, An. 1593 (c); and Tycho 
printed Curtius's letter with the account of this 
| improvement, at the end of the above mention- 
ed treatiſe, where he gives a deſcription of his 


inftruments. This method conſiſts in ſetting 


off upon the firſt concentric arch within the outer 
moſt, the 6oth part of ſuch a portion of that 
arch as anſwered to 61 degrees, and from that 
divi- 


(a) Fabrica & uſus * (5 Ibid. pag. 116. 
menti ad Deſcriptionem Ho- (0) Lib. 3. Canon, 1. Schol. 
rologior. Cap. ul. p. 114. pag. 566. 


- 
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diviſion continuing on through the whole arch 
the intervals of ſingle degrees. By this means e- 


very diviſion in this arch is advanced one minute 
forwarder than in the firſt. At the beginning of 


the next arch he takes off the Goth part of 62 de- 
grces, and from that point continues through the 


whole arch the intervals anſwering to ſingle de- 


ꝑrees; whereby each diviſion in thisarch is advan- 


ced two minutes beyond the degrees of the firſt. 


And thus he proceeds, till the degrees are divided 
into the whole number of minutes they contain (a). 


fo il! uſed by his countrymen. 


He was alſo a very ingenious 
Perſon, as appears from theſe 
methods of divifion, as alſo 
from a Scale of nis invention 
for readily drawing the hour- 
lines, and a Quadrat, which 


by the help of a table of fines 


and tangents is of excellent 
ule in attronomy and practi- 


cal geometry. Both theſe are 
deſcribed by Clavius in the 


16th, and laſt chapters of his 
above mentioned book of 
dialling. Curtius likewiſe 


made an improvement in tri- 
gonometry, which he takes 
notice of in his letter to Ty- 


cho. This was occaſioned thus. 


In 1588 one Nicolas Ray- 


marus Urſus, of whom both 
Tycho and Rothman often 
complain as a plagiary, pub- 
liſnhed at Straſburgh a ſort of 
rapſody, which he called 


Fundamentum Aſtronomi- 
cum. where amongſt man 

things good and bad, at fol. 
16 and 17 he gives a icheme 


(a) This worthy gentle- 
man Jacobus Curtias was the 
great patron of Tycho with 
the Emperor Roduiph the ſe- 
cond, when Tycho had been 


Bur 


and directions | how to reſolve 


ſeveral caſes in trigonometry 


by addition and ſubtraQtion ; 
this Curtius informs Tycho, 


he had improved ſo as to in- 


clude all caſes. He does not 


there directly ſet down his 
method, but only hints how 
it might be done. Pitiſcus 


at the beginning of the fifth 
book of his trigonometry in 
1600 gives a method to this 


purpoſe; but Clavius had ſe- 


veral years before jin his a- 


bove mentioned treatiſe of the 


_ Aitrolabe, Lib. 1. lem. 53. 


rformed it much better. 
his method may be briefly 


repreſented thus. The pro- 
duct ariſing from the multi - 
plication of any two numbers 


is equal either to half the 


ſum or to half the difference 


of the coſines of the ſum and 


of the difference of the arches, 
to which the numbers propo- 


ſed ſhall be the fines, multi- 


plied by the radius; the ſom 


of the coſines is to be taken, 
when the ſum of the arches 
exceeds a quadrant, and the 


difference of the coſines, 
when that ſum is leſs than a 


qua | 


. 
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Bo r as this laſt improvement is very ope- 
roſe, a moſt excellent compendium of it has been 
ſince introduced. This was firſt communicated 
to the world by Peter Vernier a perſon of diſ- 
tinction in the Franche-Comté, in a very ſmall 
tract, entitled La Conſtruction, l'UtHge & les 
Proprietez du Quadrant nouveau e mathema- 
tique, &c. printed at Bruſſels in 563 1. In the pre- 
face he claims it as his own invention, and ſays, 
thereby a quadrant of three inches is rendered 
capable of determining minutes(a). In his book he 
ſhews how to apply it to inſtruments of ditt erent 


dimenſions. His contrivance is a moveable 


the numbers exceed the ra- 
dius, ſo as not to be found 


among the ſines, ſuch num- 
muſt be divided by 


bers be divi | 
10, 100, or 1000, &c. till 


they can be found in the 
table, and the produce mul- 


tiplied accordingly. In like 


manner the quotient ariſing 


by the diviſion of any number 

by another, will be equal to 
half the ſum or half the dif- 
ference under the condition 


above mentioned of the coſines 
of the ſum and of the diffe- 
rence of two arches, one of 


which has for its ſine the di- 
vidend, and the other for its 
co- ſecant the diviſor, that ſum 


or difference being divided 
buy the radius. But if the di- 
vidend exceed the radius, it 
muſt be divided as before; 
and if the diviſor be leſs than 


the radius, it muſt be multi- 
plied in like manner, till it 
can be found among the ſe- 


: 2 II either or both 


arch 


cants, This directly follows 
from theſe two propoſitions; 
The firſt, that the rectangle 
under th fines of two arches 
is equal to the rectangle bite. 
der the radius and half the 
ſum or half the difference of 


the coſines of the ſum and of 


the difference of the arches. 


The other is, that the ſine 

and co- ſecant of the ſame arch 

are reciprocals. 5 
(a) e d'un inftrument 


e du tout admirable de mon 


invention, & qui n'a jaa- 
«« mais eſtè veu, &c, — en 
un quart de cercle de trois 


* poulces d' eſtendue, on de- 
melle les minutes entieres 


* du cercle quoy qu'il ne ſoit 


« diviſe, qu'a Pordinaire en 
* nonante degrees, a Vayde 


«« toutefois d'une petite por- 


„ tion de cercle mobile con- 


*« tenant ſeulement quinze 


: Fe re qui ſont toutes les 


« {ubdiviiions neceſlaires au 


dict inſtrument, m——_— 
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arch divided into equal parts, one leſs in num- 
ber than the diviſions of the portion of the limb 


correſponding to it (a). 


| In 1634 Joan. Baptiſta Morinus, one of the 


Royal Profeſſors of mathematicks at Paris, prin- 
ted a book entitled Longitudinum Cœleſtium 


atque Terreſtrium Scientia. The way there de- 


liver'd for finding the longitude had been pub- 


lickly examined by commiſſioners appointed by 5 


Cardinal Richelieu. The author in G'S « 


the inſtruments for making obſervations to ſuf- 


ficient exactneſs commends two methods. The 


firſt, he ſays, was the invention of Joannes Fer- 
rerius, a moſt induſtrious and accurate artiſt (. 
This is performed by circular diagonals, which 


Fa) In his firſt inſtrument 
after having ſuppoſed a qua- 
rant to be divided into half 

degrees, he adds, La ſe- 
_ « conde partie de l'inſtrument 


_* eſt une planche conſtruite 


en la forme & figure d'un 
ſecteur de cercle, la circon- 
% ference de laquelle com- | 
* prendra juſtement un angle 
* de trente & un demy de- 
44 grees, non toute fois formes 
« ny deſcrits, mais bien di- 


< viſeen trente parties eſga- 
« les ſeulement :>—" p. 9. 

(4) „Prima. Eft accura- 
ta & geometrica diviſio cu- 
« juflibet gradus in 60 minuta, 
quæ ſuper Quadrante 2 pe- 
dum, imò unius pedis ſemi- 


„ diametri commode appli- 


«© cari Foteſt; quam adinvenit 
4 P. Joannes Ferrerius inſtru- 


continued ſhall paſs through the center of the 


Jua- 


« mentorum mathematico- : 


rum ſolertiſſimus & accura- 


6 tiſſimus fabrefactor, qui præ- 
« ſens aderat ; ipſis notiſſi- 
«© mus Commiſlarits, quibus 
« inventionem ſuam pridem 
„ detexerat.” Long.Scient. 

Par. 1. p. 17. This Ferre- 


rius muſt have been then 


very old, if he was the ſame 
that is praiſed for finding 
out a new method of drawing 
the hour- lines upon dials by 


Clavius, in the preface to his 


above mentioned book prin- 


ted in 1586, in theſe words; 
Inventor primus hujus ra- 
* tionis, quæ præclariſſima 


* eſt, Hiſpanus quidam di- 


0 citur, nomine Joannes Fer. | 
«« rerius, homo in primis 


* acutus, & in rebus inve- 
nijendis admodum ſagax. 


On Dr. Sir R. * 
quadrant, and which he demonſtrates to anſwer 
to geometrical rigour (a). But to ſave the 
trouble of drawing particular diagonals for every 
degree he adviſes one only to be affixed to 
the moveable index, which being divided 
into 60 equal parts, by its interſection with 
the ſtreight lines proceeding from the center and 
diſtinguiſhing the degrees on the limb of the in- 
ſtrument, will give the overplus minutes (5). The 
other method is Vernier's (c), which Morinus par- 
ticularly explains, and ſhews, if the radius of the 
quadrant be half a foot, one foot, two feet, or 
three feet, by a ſmall arch divided into 3o equal 
parts anſwering to 31 of the diviſions of the 
limb, along which it moves either as a ſector, 
or as joined to the arm that carries the ſights, 
angles may be meaſured true to one minute, 30 
ſeconds, 15 ſeconds, or 6 ſeconds reſpectively. 
This he juſtly prefers to the other method (d), 
and deſcribes it again in the continuation of his 
book, printed in 1636 (e), and again in a fur- 
ther continuation printed in 1639, where he re- 
commends an azimuth quadrant of 5 fect radius, 
which by this artifice would meaſure angles to 
two ſeconds (F); and laſtly, in his anſwer to 


= Sl ) Long. Scient. Part 2. 
i, 

5 Pg cc Hæc enim particula 
& ſemper adhærens alhidadæ 


& & ſecta a lineis quæ diſ- 


s tinguunt gradus inſtrumen- 


« ti, oſtendet in ſectione mi- 
« nuta gradibus addenda.” 


Ibid. P- 52, 53 N 


(e) „ Secunda eſt accurata 
* etiam diviſio 31 graduum 


five partium Quadrantis in 


0 partes æquales; inventa 
« & in lucem edita a Nobili 
* yiro Petro Vernerio in co- 


„ mitatu Burgundiæ caſtelli 
Dornanſii Ca pitaneo; qua . 
«© cum Quacrante 2 pedum 
(c 2 pars unius minuti 
«Cc 


enſfibil.cer menſuratur.“ 
Ibid. Par. 1. peg. 18. 
(a) Ibid. Par. 2. pag. 53. 

(e) Par. 6. pag. 187. 
(J Par. 9. Cap, 8, 
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Longomontanus, printed in 1641, he mentions 
both theſe methods (a). 


Mer NDING all this, in 1643 
one Benedictus Hedræus a Swede, publiſhed at” 
Leyden a ſmall treatiſe, entitled Nova & 

| ee Aſtrolabii geometrici Structura, &c. 
ig | where in the preface he takes occaſion to deſcribe 
| OE circular diagonals without mentioning Ferrerius, 


1 and aſſumes to himſelf Vernier's method. This 
| iin his book he applies to a Theodolite and Pro- 
| tractor, by dividing ſuch a part of a move- 
4M able circle as anſwers to 61 degrees of the limb 
b ol the inſtrument, into 6a equal parts (6); he 
* ſhews alſo how this moveable circle may be 
otherwiſe divided (c), and likewiſe deſcribes a 
large aftronomical quadrant, which by a ſmall 
| moveable arch correſponding to 5 degrees 5 mi- 
nutes of the limb of the inſtrument, each degree 
of which limb being divided into 12 equal parts, 


'* _ would meaſure angles to 5 ſeconds (4), or even 
1 half chat. 


Wo Tais method is alſo ſuccindly explained 
ny by Tacquet in his Opera Mathematica () prin- 
h = in 1669, where he would aſcribe the origi- 


1 nal of it to a propoſition of Guido Ubaldi in his 
5 book of Aſtronomical Problems (f) publiſned 
| after the author's death in 5 But this was 
. de: 


0 Coronis Attronomiz, p. 1 7 gr. reſpondet, Jivida- 
1 «* tur in Go partes æquales.“ 
— 5 6 Limbo lic diviſo, nu- Par. 1. Memb. 1. cap. 2. 
4 merentur ab una lincarym, = (ch Ibid. cap. 6. 
© quas vocant  fiducie, ut in 4 Par. ult. Memb. 1. cap. 
_ «« delineatione AB, in quam 
« partem placuerit, 61 gr. ab A 40% Goon. Prat. lib. 1.6aP- 
aa uſque in C, & ſpatium illud 4. pag I 
6 in circulo mobil: quod hiſce U) Liber. Prob. 1. 
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delivered very diſtinctly by Clavius in 1586 (a), 
as the invention of Fabritio Mordente, the Em- 
peror Rodulph's mathematician, who diſcovered 
it long before, as appears from a treatiſe of his 

brother printed at Antwerp in 1384, entitled II 
Compaſſo del Signor Fabritio Mordente : con 
altri iſtromenti mathematici ritrovati da Gaf- 
paro ſuo fratello. Though this can at moſt be 
conſidered only as a very faint rudiment of theſe 
methods, being no more than a propoſal to find 
the number of minutes, ſeconds, &c. of any arch 
- leſs than a degree, by multiplying this arch 60 
times, whereby the number of degrees, it mea- 
fares, will expreſs the number of minutes in the 

original arch ; and if the multiple exceed an ex- 
act number of degrees, the exceſs multiplied in 
like manner will exhibit the ſeconds, whereby the 
arch given exceeds an exact number of minutes. 


Tp 1673 the famous Hevelius publiſhed the 
former part of his Machina Cœleſtis, where he 
adopts this method with due applauſe ; being 
the firſt that reduced it to practice in large aſ- 
tronomical inſtruments, He deſcribes it from 
Hedræus, and appears not to have known, that 
it had been mentioned by other writers. 


Ix 1674, one Gerard à Gutſchoven, Profeſſor 
of the Mathematicks and Anatomy in the Uni- 
_ verſity of Louvain. in a very ſmall piece enti - 
tled Uſus Quadrantis Geometric! printed at 
Bruſſels gives this method without taking no- 
tice of any preceding author. He applies it in 
the form of a ſector (9) to a {mall 2 


whereby 


(ga ) Fabrica & Yo Infra. 60 ſunt arcus mtu | 
. Rec. cap. ult. pag. „ nempein e nian 
. (8) + Curſe cl eBor cir- « diviſus, ipſos Wadrantis 

« culi mobilis, cas partes “ gradus la ns,” in praf. 
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whereby minutes may be meaſured (a). This 


quadrant, which he ſo much boaſts of, as not 
the production of his clolet, but as brought i in- 


to uſe in the fields and woods, has the rectilinear 


ſides of the quadrat projected into two circular 
arches to make room for the ſinical diviſion in 


the middle (Y), which had been i by 
others (©). 


LasTL v, it is «this method: of Varies: that 


Mr. Profeſſor Smith has alſo deſcribed, which is 
indeed preferable to any form of diagonals, 
though Dr. Hook in oppoſition to Hevelius 
Jabours to prove the contrary (4). He has#in- 
deed removed the objection againſt the abſolute 
exactneſs of rectilinear diagonals, when divided 


by equidiſtant concentric arches, by ſhewing 


| how to divide them more truly by the help of 
a table of tangents (e). But as his arguments 
tor their preference a are very weak; ſo he in 


vain 


(a) oh Quadrans totus divi- 


A ſus eſt in go gradus; Cur- 
* ſor autem in 3o partes æ- 


«© quales qui comprehendit 
« accurate 31 gradus qua- 
% drantis. Quiſque Curſoris 


« gradus fingulos Quadrantis | 


80 gradus excedit una trigeſi- 
<< ma gradus, id eſt, duobus 
* minutis primis, unde fit 


ut ſequenti methodo non 
pw tantum, ſed etiam 
40 


ngula minuta prima a 


Regula fiduciz abſciſſa nu- 
«c merare valeamus.” — 


Prob. 1. 
%) Uſui & praxi maximè 


_ «« appropriatum ¶ inſtrumen- 
« tum] mihi excogitavi non 
« in Muſzo vel Cathedra, 


« ſed in ipſis agris & filvis, 


«in ipſa manuali operatione.” 


In præf. And afterwards 


<« Habes Scalam altimetram 
„ad arcum reductam variis 


« uſibus deſtinatam : — Tan- 
dem planum opplevimus li- 
<* neis cancellatis, magnum 


«in triangulis ſolvendis uſum 


© habentibus ; & hæc etiam 


« de penu meo deprompta 
«« ſunt.” 
(c] See Santbech Problem. 


Aſtron. & Geom. printed in 


1561. Set. 1. Hopton's Ba- 
culum Geodzticum in 1610. 


B. 6. Chap. 11. and Speculum 
Topographicum in 1611, 


chap. 4. 


_ (4) See his W 
on Hevelius's Mach. Cœleſt. 


(e) Ibid. pag. 22. and 23. 
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vain would alledge the authority of Tycho on 
his ſide: for it does not appear from Tycho's 


to him. The citations (2) thence given by the 


Doctor, refer only to that little improvement 


upon Nonius mentioned abovc. 


TAE truth is, neither of theſe methods are of 
any uſe unleſs executed with exactneſs; and one 
great excellence of that of Vernier is its rcadily 


diſcovering the leaſt error committed in the di- 


viſions. For which reaſon none but an able artiſt 
dare undertake it. But it is now performed very 


accurately in various inſtruments by our moſt 
ſkilful workmen, and its ſuperior uſefulneſs is 
ſufficiently erabliſhed by its having a place in the 


mural arch of our Royal Aſtronomer ; whom the 


ſame ardor {till ſupports, which above 60 years 
ago carried him to St. Helena to ſettle the ſouth- 


ern conſtellations ; ſo that we may expect from 
baus great abilities, and unwearied diligence, a ſe- 
i of obſervations upon the Moon's motion, that 
will far exceed whatever has been produced ſince 
2 the very beginning of aſtronomy. 
2 BUT to return to our author, whoſe fourth 
and laſt book promiſes a compleat hiſtory of 
2 the diſcoveries, that had been made in the hea- 
Vvens by the teleſcope, ſelected from a great va- 
5 riety of books, memoirs and obſervations of the 
beſt aſtronomers; which books are theſe, Galt» 
leo's Nuncius Sydereus the firſt on the ſubject, 
the Syſtema Saturnium of Huygens, Du Hamel 


(e) Ibid. pag. 3, & l. 
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works, that this compendium was at all known 


Hiſtory of the Royal Academy of Scierc.s at 


Paris, the Memoirs of that Academy, our Phi- 
| Nd: +: loſophical 
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loſophical Jranſactions, and a late treatiſe of Bi- 
anchini, entitled, Heſperi & Phoſphori nova 
Phænomena. But as in relation to the late won- 
dertul diſcovery of an apparent motion in the 
Hxt ſtars, which is occaſioned by the gradual 
progreſs of light, wherein the worthy Savilian 
Profeſſor of Aſtronomy at Oxford, Mr. Bradley, 
has ſhewn equal diligence and {kill in obſerva- 
tion in detecting the circumſtances of the appea- 
rance, as lagacity in ſearching out the cauſe; 
ſince our author has only dilated upon what Mr. 
Bradley has himſelf writ, I ſhall conclude my 
remarks on this treatiſe with a ſhort account of 
an improvement communicated by the late great 
geometer Dr. Taylor to ſome of his friends; 
whereby the particulars of this appearance may 
be exhibited according to the exact theory of the 
earth's motion. : 
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6 „ AMC be. 
1 earth, in which 


it moves from B to 
C and A round the 
ſun in D. Then 
the earth beng in 
C, if the tangent 
CE be drawn, and 
upon the tranſverſe 
axis AB as a dia- 
meter the circle 
AEBF be deſcri- 
bed, ED being 
drawn and conti- 
nued to By DE. is 
zerpendicula» to 
5 e EC ; 
and therefore the 
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velocity of the earth in Bis to the velocity i nc 


reciprocally as DB to DE; that is, directly as 


AD to DG, ſince the rectangles under ADB and 
_EDG are equal. Now CH being drawn from 
the earth in C toward the true place of any ſtar, 
take CI to AD as the velocity of light to the 


velo city of the earth in B. Through Fdraw KIL, 


in a nuntion perpendicular to AB, and making 


UI 


K! equat o AD and IL equal to DB, upon the 


diameter KL. deſcribe the circle KMLN paral- 
Je] to the plane ACBF. Laſtly, make the angle 
under RIO equal to that under ADG, ien is 
nearly the arithmetical mean between the mean 
and true diſtance of the earth from the aphe- 


lion, and draw CO. Now KL being in a fitu- 


ation perpendicular to AB and the angles under 


KIO, ADG equal, OI will be equal to DG, 


and be fituated perpendicularly to GE, and 
therefore is parallel to CE or to the direction of 
the earth's motion in C; and is to KI as the ve- 
locity of the earth in C to its velocity in B. Con- 
ſequently ſince KI or AD is to CI as the velo- 
city of the earth in B to the velocity of light, by 

| equality Ol is to IC as the velocity of the earth's. 

motion in C to the velocity of light. Therefore a 

the ſtar will be ſeen from the earth at C in the 
direction CO. Hence it follows, that every fix d 


ſtar is viewed from the earth as moving in a cir- 


cle parallel to the plane of the ecliptic, the dia- 


meter of that circle which is parallel to the leſſer 


axis of the earth's orbit being divided by the true 


place of the ſtar in the ſame proportion, as the 


greater axis of the earth” s orbit is divided by the 


ſun, 
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Diſtin& and Indiſtin VISION. 


O theſe animadverſions upon Mr. Profeſſor 
Smith's compleat Syſtem of Opticks I 
all add ſome obſervations upon the Effay ſub- 
joined by his friend and fellow-writer Dr. Jurin. 
This diſcourſe conſiſts of four general heads, 
The firſt relates to the difference in the appea- 
rance of an object when ſeen diſtinctly, and 
when confuſedly; the ſecond to that faculty in 
the eye, whereby it accommodates itſelf to the 
different diſtances of objects; the third to a par- 
ticular phenomenon in indiſtinct viſion, which 
is the multiplication of the object; and the 
fourth is taken up in conſidering the dazling, to 
which the eye is ſubject by the immediate con- 
traſt of light and darkneſs, | F 


As it appears, that this gentleman learnt the 
principles of opticks from his friend's book; ſo 
in his firſt head he has expatiated on the ſimple 
caſe of a uniform white object upon a black 

ground ſeen indiſtinctly more in detail, than one 
can ſuppoſe, a writer would have done, to whom 
the ſubject was not new : And after all he has trea- 


ted 
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ted of it but imperfectly, proceeding on a ſup- 
poſition, that the light is uniformly ſpread thro? 


his circles of diſſipation; whereas he confeſſes at 


art. 220. that the denſity of the light is different in 
different parts of theſe circles. Nay, he had ſo 
ill fixt the ſubject in his thoughts, that when he 
was put to ſuch hard ſhifts how to account, that 
the aſtronomers without the aſſiſtance of tele- 
ſcopic ſights ſhould obſerve the diameter of the 
moon nearer to the truth, than he could have 


B expected, he had certainly forgot, that the mag- 


nitude of his circle of diſſipation depends upon the 


| breadth of the pupil; for as thoſe obſervations 


were made either through a ſmall hole, or flit 
much narrower than the pupil, the dilatation of 

the moon's image from its indiſtinctneſs muſt 
have been proportionably leſſened. 


Wurx he comes to conſider at art. 90. an 
object but a little more complex, a black circular 
line ſeen upon a white ground, or two black pa- 
rallel lines viewed in like manner, he has much 
miſtook. It is a fact, that ſuch a circle at one diſ- 
tance from the eye will appear to have a black 
ſpot in the middle, and the middle ſpace between 
two parallel lines near together in the like ſitu- 
ation will become dark; but this is owing to a 
very different cauſe from what he has aſſigned: 
For if AB be the diameter of the pupil, and CE, 


FD the diſtinct images of the tranſverſe oe 
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of the circumference of the circle, or of the pa- 
rallels; and from the extremities of the pupil 


to the extremities of theſe images the rays AC, 
AE, AF, AD, and BC, BE, BE, BD be drawn, 


the {paces GCHE. and IFKD will be deprived 
of light; but all without theſe ſpaces will beſo 
much illuminated, that the axis of the eye can no 


where be deprived of light ſufficiently to pro- 
duce ſo diſtinguiſhable a degree of darkneſs. 

Neither is the appearance truly deſcribed by our 
author, for the middle darkneſs in the parallel 


lines, and the central ſport in the circle do not ex- _ 
tend into a {ſimple penumbra gradually vaniſh- _ 
ing, but that ſhade is compoſed of a number of 


different images, and appears uniform, only 
when thoſe images become ſo numerous, as not 
to be eaſily diſtinguiſhed, And the true cauſe 

of this appearance is the multiplication of the 
mage found in objects ſeen indiſtinctly; which 


1 apprehend to ariſe from tome corrugation, or 
inequality of ſurface, to which that part in the 
cye, which is changed for the different diſtances 


of objects, is ſubject in its extreme tenſion either 
way, whereby the image of an object look'd at 
out of the limits of diſtinct viſion is multiplied. 
From this multiplicity of images two parallels, 
as each is multiplied, at firſt are ſeen as four 


lines, or even more, but at length the two inner- 
moſt unite into one ; and in the circle by a more 
multifarious appearance a ſpot in the center is in 


one ſituation produced by the union of the difte- 
rent mages in ſome one Part. 


Mog k- 
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MoxkovkEx the defence of Hevelius againſt 
cke objections of Dr. Hook, which this gentle- 


man is here pleaſed to bring in, ſerves only to 
ſhew, he did not underſtand the method of ob- 


ſerving practiſed by that great aſtronomer. It 


is very well known, that Dr. Hook paſſed too 
ſevere a cenſure upon Hevelius's inftruments, 
and his method of obſervation. But this mere 

imagination of an extraordinary length of ſight, 
which Hevelius might acquire from age and long 
_ exerciſe is a very trifling defence. But the truth | 


is, his method of obſervation required no ſuch 


length of fight. This might be juſtly objected 
ro the method of obſerving practiſed before Ty- 
Tho Brahe; but that noble reſtorer of aſtronomy 
invented a form of fights continued in uſe by He- 
velius not chargeable with this inconvenience. 
The ſight next the eye is a plane furniſhed with 
two parallel chinks, both of which, not one on- 
Ivy, as this gentleman (a) has repreſented, are 
made uſe of in every obſervation. The other 
ſight is either a plane likewiſe equal in breadtk 
to the interval between the chinks, or a cylinder 
of that thickneſs. Now when theſe ſights were 
pointed towards any ſtar, a little before they came 
into the exact direction of the ſtar, the light of the 
ſtar would ſhine through one of the chinks, but 
be intercepted from the other by the interpoſi- 
tion of the remoter ſight, and when the ſights had 
paſſed the direction of the ſtar, the chink before 
obſcured would now receive the light of the ſtar, 
and the other chink be covered from it. But in 
the intermediate ſituation, which is the very di- 
rection of the ſtar, the light of the ſtar would paſs 
through both chinks, Therefore it was the bu- 


ſineſfs 
0 Ear n diſtin& and indilind Vinon, art. 183. 
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ſineſs of the obſerver to bring the ſights into ſuch 
a ſituation, wherein by looking through each of 


the chinks, one immediately after the other, his 


eye would receive the light of the ſtar through 


both. This method of obſervation therefore is 
little influenced by the larger or ſhorter ſight of 
the obſerver, but its accuracy depends upon the 
proportion of the breadth of the chinks to the 
diſtance between the ſights: and thoſe chinks 

were ſo framed, that by a ſcrew or ſome other 

like contrivance they might be equally dilated, 
or contracted together. In this manner of ob- 


ſerving Dr. Hook's aſſertion is evidently falſe, 


that a ſeſſer angle cannot be diſtinguiſhed by a 
| long radius than by 4 ſhort one (a). | 


IN the ſecond part of this eſſay, after inform- 


ing us, that he had deceived himſelf by certain 
trials to favour the ſingular opinion of Monſ. de 
la Hire, that the eye was not poſſeſſed of the fa- 


culty, de now admits of, he tells us, that Dr. 
Porterfield in his diſſertation lately publiſhed by 


experiments better contrived has cauſed him to 
change his mind, and ſubſcribe to the common 


Spinion. 


In relation to the new ſcheme, he advances, 
concerning this change in the eye; before it is 


any further conſidered, I think, we muſt aſk the 


anatomiſts, whether a muſcle ſtrong enough | to 


: oP the eye tenſe can be inviſible. 


IN 1 tied head ls oa has had FA | 
hardineſs to advance beyond the inſtruftions of 


his maſter; and has adventured to expatiate up- 


on the diſcoveries of Sir Laac Newton, concern. 


in 2 
0 . on Machu Carleſts 5 pag. 7. & . 
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ing the fits of eaſy reflection and tranſmiſſion of 
light, where Mr. Profeſſor has choſe to be very 
conciſe. And as our compleat ſyſtem of opticks 


is upon this argument fo very deficient, that 


theſe alternate fits of reflection and tranſition 


of light are not ſo much as mentioned by name, 


where he has undertaken to exhibit Sir Iſaac 
| Newton's diſcoveries in optics (a) ; before 1 
come to conſider this writer's ſpeculations upon 
this point, I ſhall , give ſome account mM 
this matter. = 


1r well 3 that 05 light falls upon any 


the moſt tranſparent ſubſtance, a part only en- 
ters the ſubſtance, ſome part being reflected at 
its ſuperficies. Again, when the light, which 


paſſes into the ſubſtance, is arrived at its farther 
ſuperficies, the whole is not tranſmitted through 


That ſuperficies, but there alſo a part is reflected 
back. When any colourleſs tranſparent ſub- 
ſtance is expoſed to the open light of the day, 


O 


what is reflected from its firſt ſuperficies is al- 


ways white, and ſo is the light returned from its 


farther ſurface, unleſs the ſubſtance be very thin 
for in that caſe the light is coloured; and the 


colour differs according to the particular thick- 
neſs of the ſubſtance. If ſuch a thin tranſparent 
plate be unequally thick, the light reflected from 
1ts farther ſurface will be variegated with diffe- 
rent colours. Such is the appearance ſeen in a 
bubble blown up with water rendered tenacious 
by the diſſolution of a little ſoap. When this 
| bubble is placed under a glals to protect it from 


being diſturbed by the, agitation of the air, the 


water, which compoſes it, will gradually and 


regularly deſcend Eon . upper to the lower 


— 
(a) Bock 1. chap. 6. 7, 8. 


part, rendering the bubble ty thinner 
and thinner till it breaks ; the upper parts alſo 


by this means will be always thinner than the 
lower. This bubble, when grown very thin, 


will be overſpread with a great variety of co- 


lours, which Sir Iſaac Newton has very particu- 
larly deſcribed. Likewiſe, if the object-glaſs 


of a very long teleſcope be laid upon a glaſs, 


that 1s flat, ſo as to touch it in one point, the 


ſmall convexity of the teleſcope glaſs will leave 


between the two a thin plate of air of a conſider- 


able breadth. perforated in the middle, where 


the glaſſes touch, and from thence gradually 


thickening. Here, where the glaſſes touch, and 
for ſome little diſtance round, the light is ſo 


freely tranſmitted, that no reflection is ſeen, but 


this dark ſpot will be encompaſſed round with a 
great variety of colours of the ſame kind with 
thoſe ſeen upon the water-bubble. When the plate 
of air begins to be a little thick, theſe colours 


become of a very compound kind, and ſoon af- 


ter end in perfect whiteneſs. In like manner the 
light reflected from the bubble of water at firſt, 
wuaile its coat is thick, is uniformly white; and 
on the contrary, when it becomes extremely 5 
thin, a dark ſpot appears on the top by the re- 


flective power being in that place nearly quite 


loft. 


Tar cauſe of theſe phznomena Sir ie 


Newton found to be, as follows. The rays of 


light in their motion through the air, or any 


other tranſparent medium are not alike diſpoſed | 
in every part of their paſſage in regard to re- 
flection and refraction ; in ſo much that in ſome 
places, if they meet with another tranſparent ſub- 


ſtance, they mall enter it — — — 


pO ay indefinitely, 
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a refraction at the ſurface upon its tranſmiſſion 


through into the tranſparent ſubſtance, but in 
other places the ſame ray ſhall be diſpoſed to be 

reflected back from any ſuch ſubſtance in its 
way. Theſe alternate diſpoſitions are found to. 


return at equal intervals after this manner. Sup- 


poſe AB to repreſent the path of a ray of light. 


f N al 11 'E = 
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| Then if at the point C the ray be diſpoſed to 
enter freely any tranſparent ſubſtance interpos'd 
in its way, but at D be diſpoſed to be reflected, 
from the ſurface of ſuch a ſubſtance ; if DE be 
taken equal to CD, at E it ſhall again be ina 
| diſpoſition freely to be tranſmitted through the 
| ſuperficies of ſuch a ſurface, and if EF be taken 
of the ſame length with the former intervals, 
the ray at F ſhall be again in a diſpoſition to be 
| reflefted. And thus will theſe two diſpoſitions. 


change and return at equal intervals throughout 
the whole progreſs of the ray within the ſame 
medium. But theſe alternate diſpoſitions are not 


to be underſtood, as confined to theſe preciſe 
points; but if theſe diſpoſitions are ſuppoſed to 


operate ſtrongeſt at theſe points, they muſt be 
conſidered, as decreaſing gradually from them 
both ways. Sir Ifaac Newton divides theſe in- 
tervals into two equal parts, as here CD is di- 
vided at g, and DE at ; and conſiders the 
whole fit of reflection to be extended between g 


and , but ſtrongeſt at D, and from thence gra- 
dually weakening toward g and b, yet with this 


caution that it ſhould not be conceived as pre- 
ciſely limited at theſe points g and , but to de- 


5 Ber 
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Bur farther, 8 the. rays of light differ. ONE 
from another in colour, and refrangibility, in- 
ſomuch that there arc rays of all degrees of re- 
frangibility indefinitely from the leaſt to the 
greateſt ; ſo the lengths of theſe fits of eaſy re- 
Wii þ flktlection and tranſmiſſion are as much varied, 
F anqdd every degree of refrangibility is accompa- 
Wilt nied with a peculiar length of theſe fits, the leaft 
—_ refrangible rays having their fits the longeſt, 
7 and the moſt refrangible 19 5 the ſhorteſt within . 
1 the ſame medium. 


Acain in dickeredt diana. and accord. 
ing to the different angle, under which the ray 
enters any medium, theſe fits are in the fame | 
rays different. 


Tar E inequality | in the length of theſe firs be- £ 
longing to rays of different retrangibility and co- 
lour, is very great within the ſame medium, the 

intervals between the middle points of two nea- 
reſt fits either of reflection or refraction in the 
moſt refrangible rays being to that length in the 
leaſt refrangible as 63 to 100; whence it fol- 
lows, that when the medium through which the 
light paſſes, is ſo thin a plate, that its whole 
depth contains but a ſmall number of theſe fits 
al. in any one colour, the light of ſome colours 
il. mamay at its farther ſurface be in a fit of eaſy re- 
. flection, and the light of other colours in a fit of 
Us +  enly tranſmiſſion, in which caſes the light re. 
1695 flected will be coloured. Sir Iſaac Newton exhibits | 

; for an inſtance of this the thickneſs of a plate, | 
wherein the green light ſhall at the farther ſur- 
face be in its third fit of eaſy reflection; there the 
yellow, and great part of the bluc will in ſome de- 

gree | 
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gree be in a fit of eaſy reflection alſo; but no other 
part of the light: therefore the refledid light 


will be pure green compounded — with ſome 
yellow ang: blue. oY 


However to produce this coloured appea- 


rance the plate muſt be very thin; for theſe in- 
tervals in every one of the colours are very 
ſmall; in the leaft refrangible rays, when the 
light falls perpendicularly upon a plate of air, 
the interval between the middle of two ſucceſſive 
fits of eaſy reflection, that is, DF in the prece- 
ding figure, is not che 5 8000th part of an inch, 
and in the moſt refrangible rays ſcarce the 
12 f000th part. In water theſe fits are about 
only of this length, and in glaſs not quite 3. If 
the plate of air were but the 8ooth part of an 
inch, whereby according to computation from Sir 
Tfaac Newton's numbers, the leaſt refrangible 
rays would arrive at the farther ſurface in the 
99th fit of reflection, a ray at the confine of thered _ 
and orange will have 107 fits of reflection with 
in the plate, a ray at the confine of orange and 


yellow will have 111 fits of reflection, a ray at 


the confine of yellow and green 119 of thoſe fits, 
a ray at the confine of green and blue 129 fits, 
_ a ray at the confine of blue and the indico 139 
fits, a ray at the confine of the indico and violet 

145 fits, and laſtly the moſt refrangible rays 156 


of theſe firs. Hence many ſpecies of the rays of 


each denomination of colour will be found in fits 
of eaſy reflection at the farther ſurface of ſuch a 


plate; all which together can compoſe nothing 


mort of perfect whiteneſs in the reflected light, 


and conſequently the light tranſmitted wil be c 
ually free from any tinge of colour. Nay ſo 
85 docs the light loſe all diverſity of colour, 


that 
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that Sir Iſaac Newton found it in his obſerva- 
tions to become white, as ſoon as it had more than 
8 or 9 fits 1 in 3 through a thin plate . 


ANOTHER circumſtance is here ſtill to be 
conſidered. While the tranſparent plates in Sir 
Iſaac Newton's experiments were ſo thin as to 
_ exhibit rings of colours, the rings, where the plate 
was thinneſt, reflected the greater quantity of 
light. The 8 of this is evident from the 


method he has laid down for finding the colour 
reflected in each caſe, whereby it appears, that 


in the moſt luminous part of the rings, where 


the plate was thinneſt, a greater proportion of 
the whole light was in a fit of reflection at the 


farther furface of the plate. But when any plate 
comes to be ſo thick, that the light of each de- 


nomination of colour has many parts reflected, 


and many parts tranſmitted, by reaſon that the 


whole contains many ſpecies, which ſhall have 


different numbers of fits of eaſy reflection or eaſy 


_ tranſmiſſion; then the light reflected will not only 


be white, but the number of the ſpecies of light in 
fits of reflection will be ſo equal to the number of 
thoſe in fits of tranſmiſſion, that the proportion 


between the quantity of reflected and tranſmitted 
light will not be varied by any increaſe of the 
thickneſs of the plate. 


Fo & inſtance in the plate of air before men- 


tioned the Sooth part of an inch in depth the ex- 


treme red light in the middle of a fit of eaſy tranſ- 


miſſion at the firſt ſurface, would arrive at the 


farther ſurface in the middle of the 99th fit of 


eaſy reflection, and the extreme violet in the 


middle of a fit of eaſy t tranſmiſſion at the firſt. 


ure 
(a) Optics B. 2. part 1. obſerv. 12. 
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ſurface, would arrive at the farther ſurface rather 
beyond the verge of the 156th fit of eaſy tranſ- 
miſſion ; inſomuch that, as there would be at 
leaſt 57 different ſpecies of rays, which would ar- 

rive at the farther ſurface after a different num- 
ber of fits of reflection, ſo there could not be rec- 
koned above one leſs in fits of tranſmiſſion. Were 
the plate the tenth part of an inch in thickneſs, 
the number of ſpecies arriving at the farther ſur- 
face after different fits of reflection would be no 
leſs than 4629, and the number of ſpecies in fits 
of tranſmiſſion cannot at moſt differ from this a- 
bove one. Hence it come to paſs, that in all 
thick plates, and conſequently in all the com- 


mon appearances, the light reflected from every 


point of either ſurface of colourleſs tranſparent 
ſubſtances, whatever be the figure of their ſu- 
|  perficies, is not only always white, but alſo the 
ſame in quantity of light, the ſame proportion 
of the whole light arriving at each point of ſuch 
ſurfaces in fits of eaſy reflection. „ 


| Hzxce appears how abſolutely this gentle- 


man has erred in this whole matter, when, 


in order to account for the double, or more 
compounded appearance of objects ſeen in- 
diſtinctly he imagined, that by reaſon of 
theſe alternate firs of eaſy reflection and 
tranſmiſſion whenever a pencil of rays, from a 
diſtant object falls upon the cornea ; that be- 
cauſe ſome parcels of its rays will be tranſmitted 
into the eye, while other parcels are reflected 
back into the air, therefore, if the light were re- 
ceived upon a plane placed before the cryſtalline, 
it would conſiſt of a middle circle ſurrounded 
with rings dark and luminous alternately, _ 


 Ne1- 
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| NEITHE R can any diverſity be made, as 
11 this gentleman farther ſuppoſes, in the tranſ- 
0 mitted light at either ſurface of the cryſtalline; 
60 for the brighteſt part of the light in paſſing be- 
. tween the cornea and cryſtalline, which 1s the 
i} leaſt of the two intervals, and that wherein the 
fits are longeſt, will have more than 12000 fits 
of * or refraction. 


Bur as little as this gentleman appears to 
have bnderſtood the ſubject, he had far other 
thoughts; for he has not P. himſelf with 
applying this curious doctrine, as he terms it, 
to viſion, but even takes upon him to correct 
and improve upon Sir Iſaac Newton by making 
the fits of reflection of different extent from the 
fits of tranſmiſſion in a manner contrary to what 
Sir Iſaac Newton has repreſented. From what 
we ſaid above, it appears, that in common half 
the light incident upon any ſurface is in a fit of 
tranſmiſſion, and the other half in a fit of re- 


Why is not half the light reflected at all ſurfaces? 
But in regard to this it muſt be conſidered, that 
Sir Iſaac Newton has purſued his ſpeculations | 
upon this ſubject no farther, than what he could 
determine by indubitable experiments and obſer- 
_ vations, and he has found, that at all ſurfaces, 
where the light is ated upon by bodies, as a part 
3 is tranſmitted into pellucid ſubſtances, fo a part 
WR I reflected; and he likewiſe finds, that as the 
Ml tranſmitted light is diverted from its ſtrazght 
"RY courſe by a * power, where that power 
05 is ſtrongeſt, the greateſt quantity of light is re- 
3 flected. From this and other confiderations he 
concludes, that it is one and the ſame power, by 
which 


flection. Hence ariſes this obvious queſtion, 


as is in a fit of eaſy reflection, when it arrives 
at the ſurface ; and as theſe fits in the paſſage 
of the ray to the tranſparent ſubſtance are alter- 
_ nately changed for fits of tranſmiſſion, and re- 
turn at certain intervals; ſo each fit likewiſe 
continues for a certain ſpace, and that the in- 


tervals of theſe returns, and the ſpace, through 


which each continues, depends altogether upon 
the medium, through which the light paſſes, and 


not upon that, whereon the light falls. But as 
Sir Iſaac Newton had not diſcovered, wherein 
this power in bodies of refracting and reflecting 


light expreſly conſiſts, ſo he is ſilent in relation 


to the cauſe, why more light is reflected from 


ſome bodies than from others. 


Now this gentleman i imagines this defect in 8 


Sir Iſaac Newton may be ſupplied by correcting 


him in regard to the extent of each fit of reflecti- 


on, and ſuppoſing that to be varied according 


do the medium, upon which the light falls; for 
inſtance, when the light paſſing through air up- 
on glaſs, or through glaſs upon the air, the extent 


of the fit of eaſy reflection ſnould not be what 
Sir Iſaac Ee ed ſu 1 half the interval be- 
tween the 8 0 


but only = of that interval, and at ſurfaces 


between air and water 7550 of that interval. But 5 


this ſuppoſition 1 is abſolutely inconſiſtent with the 


very experiments, from which Sir Iſaac Newton : 
deduces his whole doctrine. If the extent of 


theſe fits varied thus, not only the quantity of 


8 light reflected from a * ſurface would 
P = De - 
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which the light is refracted and reflected; and 
that the light, which is reflected, is only ſuch, 


the neareſt fits of reflection, 
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be varied by changing the contiguous me- 


dium, but alſo the colour, which, Sir Iſaac 


| Newron fays, he could never obſcrve. The 


colours, which arofe fuccellively upon the 


bubbie of water, Sir Iaac Newton has de- 


jeribed very diſtinctly with all the concomitant 


( ircumſtances; but were it examined according 


to the new regulation of our author, what colours 
dught to have appeared, we fhall find, that from 


the yellow, which Sir Inac Newton ranges in the 
5th order of colours, to the total blackneſs, each 


colour ought to emerge almoſt uncompounded, 


being, where the leaft imple, {ſcarcely mix'd with 


the contiguous colours of the fame order, and 


never with thoſe of any other In particular the 
purp'e in the gth order, which, Sir Iſaac New- 
ton ſays, was much inclined to red, muſt have 


been a pure violet without any mixture, and a 


dark interval have been ſeen between that and 


the red of the next order; even in the 7th order, 


where they are molt compounded, no thickneſs 
of the bubble can be aſſigned, at which more than 
three colours will be reflected; inſomuch that in 


no part of this 7th order of colours any white- 
nets cou'd appcar: nay were the extent of the 


it of eaſy reflection any thing lefs than, what Sir 
Iſaac Newton ſuppoies, a lenfible interval void 


of reflection muſt have appeared between this and 
the order precteding. TI by fkews, that the Pro- 


portion aſſigned by Sir Iſaac Newton between the 
extent of each fit of eaſy reflection and the inter- 


val of the arts was the reſult of mature delibera- 


tion, and neceflary towards producing the appea- 
rances. 1 ; 5 


Nzxor 
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H ENCE it appears, that Whether more or leſs 
light be reflected from a body, the extent of 
the fits ot reflection in the incident rays is the 
ſame, and the difference in the quantity of re- 
flected light is owing to the greater or leis por- 
tion of that part ol the light, wich arrives at the 


LI .0H 


body in a fit of eaſy reflection, being thrown. 


back by the reflective power of the body. The 
caule this gentleman has been pleaſed to align for 


this, is fo abſolutely inconſiltent with the efſen- 


tial principles of Sir * Newton's doctrine, 
that the thought could never have been enter- 
tained by one : of the jeaft degree of ſkill in the 


ſubject. But this gentleman ſeems ſo great a 


ſtranger to the matter, he has writ upon, that he 
does not appear in the leaſt to have known, that 
rays of differefit colours have their fits of reflec 
tion and tranſiniſſion of diſferent lengths. For 
from this it follows, that, when 2 thin tra nfpa- 


— 


tent plate, whether che bubble of water in Sir 


9744 


Ifaac Newton's experiments, or che plate of air 
between the flat and convex glaſs, is expoſcd to 
the open light of the day, ſcarce any part of it is 
exempted from reflecting light, except th: cen- 
tral ſpot only, buc the reſt appears ſoread over 
with different colours contigudis to one another. 


But had this gentleman been at all apprized of 
this, he ſhould at leaſt have ſuſpected, that if the 


phænomenon, he is here endcavouring to account 


| for, depended upon the cauſe, he affions for it, 
inſtead of a multitude of ICparate 1 images a broad 


one ſhould have Prelented | it feit variegated With 


| colours. 


At TER it has been thus made appear, how 


totally unſkilled this gentlcmanis, in this doctrine 


relating to the firs or diſpofitions ot caſy reflection 


P-2 55 and 
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of light, I know not, whether it may be thought 


man's erroneous opinions concerning it will ſerve 


ts, and the extent of each fit what this gentle- 


rings, that are formed at the cornea, when the 


— —[b— . r —ͤ]— _—_ — — 


and of eaſy tranſmiſion accompanying. the rays 
worth white to take notice, how little this gentle- 


his pt ir pole: By compuring on ſuppoſition that rays 
of all colours have the ſame intervals between their 


man aſſizvs, the magnitude and number of the 


rays are incident in ſuch a manner as to make 
the rings the largeſt, will be 1 8 670, if the 


aperture of the pupil be ſuppoſed - _ — of an inch, 
and if the magnitude of the firſt * largeſt dark. 


ring be defired, it will be found, that, if the 


rays fallin g on the middle of the cornea be in a 


Kt of caſy ' tranſmiſſion, the breadth of the firſt 


om 
dark or reflected ring will be about the 2 of 


the whole pupil; but if the rays falling on the 
mide of the cornea, be in a fit of eaſy re Action, 
then tlie 25 Uta of the frſt dark ring will be but 


about the - 805 part of the whole pupil; if we 


cunceive now the vifon to be lo indiſtinct, that a 
luminous point appears under an angle of 20 mi- 
nutes (a de gree of indiſt inctneſs five times grea- 
ter than that, under which he ſuppoſes theſe rings 
to be perceptible) ) the breadth of the firſt or 
broadeſt dark ring cannot under all theſe favour- 
able circumſtances ſubtend a greater angle at tke 

cve than 24 ſcconds; and conſequently none of 

tele rings coald even on his own repreſentation 

ot this dcctrine he ever ſenſible. It is evident 

then, that, when our author to account for the 

double appearance of objects ſeen by indiſtinct 
vition f luppoſes tue * of theſe 1. it 
was 
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was not only neceſſary, that he ſhould utterly 
miſapprehend Sir Iſaac Newton's doctrine 3 but 
that he ſhould alſo be ignorant of the moſt ob- 
vious conſequences of thoſe abſurd conceptions, 


he had formed to himſelf on this . 


IN the laſt part of this eſſay our author is 


| &iſcourſed very diffuſely upon the dazling, to 


which the eye is ſubject from the immediate con- : 


traſt of light and Larknek, and tells us, he ſhould 


not have been ſo particular, had he not ſuſpected, 


| that Sir Iſaac Newton was once led into a mif- 
| take by an appearance ſimilar to thoſe, he here 


treats of; at leaſt, ſays this gentleman, I do not 
find, he has any white accounted for the extra- 
ordinary ſtrength of the ring of light next the 


central black ipot ſpoken of in Obſervation 23. £ 
Part 1. of his {econd book of Opticks; nor do 1 


ſce any way of accounting for it, but from ſome | 
ſuch conliceration, 


Here it is is ſuppoſed, firſt, bus Sir Iſaac 


Newton in attributing any ſuperior degree of 


brightneſs to this ring was deceived by the neigh- _ 
bourhood of the central black ſpot ; ſecondly, that 


Sir Iſaac Newton has no where accounted for 


this extraordinary brightneſs; and laſtly, that 


no account can be given of it, but what our au- 


thor here aſſigns. 


Is this were indeed a miſtake of Sir lſaac 


Newton, it muſt be owned a very ſignal one 
| fince he ſo little ſuſpected this appearance to be 
_ owing to any ſuch incidental cauſe, that when he 


is ranging the colours of bodies under the ſeve- 


ral rings produced in theſe experiments, he 
Places the light of white metals under the claſs 


of 
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of this ring on account of their ſuperior bright- 
neſs. But it is further evident, hin he was not 
impoſed upon by any ſuch deception, from the 
method he took to fatisfy himſelf of the extraor- 
dinary brightneſs of the light of this ring, by 
_ comparing two bubbles of water blown at diſtant _ 
times; in the firſt of which the whirenefs appea- 
red, which fucceedet all the colours, and tn the 
other the whiteneſs, which preceeded thern all (a), 
and before () he tells us, this whiteneſs, which ſuc- 
ceeded the colours, would often ſpread and di- 
4 Tate it felf over the greater part of the bubble, 
1 before that even the fceveding blue emerged on 
4 1 the top; nay, would decay gradually, and quite 
VvVoaniſf, before the black ſpet apperred. 


14 Acc x, though Sir Iſaae Newton has not 
| ſepatately diſcuſſed the caufe of this particular 
appearance, yet it is fo unneceffary to have re- 
1 | courſe to this gentleman's chimerical imagina- 
1600 ; tion concerning it, that it is a moſt obvious 
© confequence from the method, Sir Iſaac Newton 
. gives tor inveſtigating the ſeverat colours exhi- 
* Fired by thin plates. For it thence appears, 
wy. khzat at this thickneſs of the plate no part of che 
"TY llight, which enters it, arrives at its farther ſur- 
© Face in a fit of eaſy tranſmiſſion, which never 
4 happens in any greater thickness. 


1 I Us then has this learned gentleman un- 
Hua ppily attempted the apptication and improve- 
13 ment of a doctrine, of which, i appears, he 
Tas not qualified to deferibe even the very rudi- 
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Fos the firſt bid laid down by Sir Iſaac 
| Newton in the ſecond part of his ſecond book of 


= Opticks is the inequality of the length of the fits 
of tranſmiſſion and reflection in rays of different 


colours, and it is only from the combinations _ 
of duels different lengths in plates of a different 


thickneſs, that all the W ee Gelcrivey in 
the firſt part are deduced. 


Bor the deſcription and application of this 


daoctrine, as given us by our author (a), do neceſ- 


ſarily ſuppole the lengths of theſe fits to be the 
ſame in all rays however different in colour. 


As A1N, Sir Iſaac Newton in the fame ray 
makes the fit of reflection equal in length to the 
fit of tranſmiſſion, the experiments in the firſt 
part neceſſarily requiring. it. 


Ox the contrary Dr. Jurin tells us, that ia 
water the fit of reflection i is in length but * 


of the fit of tranſmiſſion, an aſſertion that abſo- _ 


lutely deſtroys the whole theory eſtabliſned by 
Sir Iſaac Newton, ſetting it at variance with al- 


: moſt every appearance, it is intended to ſolve. 


1 LY, The immediate conſequence of Sir 
| Iſaac Newton's theory, as deſcribed in the ſe- 
cond part of the — book of Opticks is, that 
the light of the firſt ring ſurrounding the central 
ſpot ſhould be much ſtronger than that of the ſuc- 
cceding rings, all the rays being there 1 in a fit 
of reflection. 3 
Yer 


(s) Art. 20g, 210, 211, &c. 
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V x ſo little was our author verſed in this 


doctrine, that he conceives the remarkable 
ſtrength in the light of this ring to be only an il- 

luſion, ſuſpects Sir Iſaac Newton to have been 
miſtaken in his deſcription of it, and tells us, 


that he does not ſe e, that its W can n be any : 
why accounted for. „„ 


